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ABSTRACT 
MATHEW, a  mass  c o n s i s t e n t  wind f l o w  model is a p p l i e d  t o  g i v e n  a r e a s  
i n  P r i n c e t o n  and Windsor ,  M a s s a c h u s e t t s  f o r  t h e  p u r p o s e  o f  d e t e r m i n i n g  
wind f l o w  f i e l d s  i n  t h o s e  a r e a s  and examin ing  t h e  HATIIEW program i t s e l f .  
The MATHEW model which was o r i g i n a t e d  by  Sherman C11 a t  Lawrence 
L i v e r m o r e  L a b o r a t o r i e s  t o  g i v e  a  th ree -componen t  t i m e - i n d e p e n d e n t  
n o n d i v e r g e n t  wind v e l o c i t y  f i e l d .  The model h a s  b e e n  v e r i f i e d  b y  i t s  
c r e a t o r s  and i s  a c c e p t e d  a s  a  v a l i d  method f o r  c a l c u l a t i n g  wind f i e l d s .  
A d e s c r i p t i o n  o f  t h e  model  i s  g i v e n .  The a n a l y t i c  f o u n d a t i o n  o f  t h e  
model  is e l u c i d a t e d ,  t h e  n u m e r i c a l  t e c h n i q u e  is d e s c r i b e d  and t h e  
a r c h i t e c t u r e o f  t h e  MATHfXprogrm i s d o c u r n e n t e d .  A l l  o t h e r  p e r t i n e n t  
p r o g r a m s  r e q u i r e d  t o  implement  MATHEW a r e  r e c o g n i z e d .  
I n p u t  i n f o r m a t i o n  r e q u i r e d  b y  t h e  MATHEW p r o g r m  i s  d i v i d e d  i n t o  two  
g r o u p s ,  i n p u t  ( p h y s i c a l  d a t a  and i n p u t  p a r a m e t e r s  ( w h i c h  d e f i n e  t h e  g r i d  
s t r u c t u r e  u s e d  i n  HATHEW1s n u m e r i c a l  s o l u t i o n  t e c h n i q u e  a l g o r i t  hm) . The 
i n p u t  p a r a m e t e r s  g o v e r n  t h e  way t h a t  t h e  MATHEW model  i n t e r p r e t s  i n p u t  
d a t a .  The r e l a t i o n s h i p  be tween  i n p u t  p a r a r i e t e r s  and MATHEW1 s 
i n t e r p r e t a t i o n  o f  i n p u t  d a t a  is examined .  The means  b y  which  MATHEIJ 
c o n d i t i o n s  i n p u t  t o p o g r a p h i c  d a t a  i s  d e m o n s t r a t e d .  IIATHEWfs i n p u t  
p a r a m e t e r s  a r e  c o n f i n e d  t o  l i e  w i t h i n  a  g i v e n - - r a n g e .  G e o m e t r i c ,  d a t a  and 
s t o r a g e  s p a c e  l i m i  t a t i o n s  a r e  d e f i n e d  and i n v e s t i g a t e d .  
F i v e  t e s t s  ( w h i c h  compare  o u t p u t  r u n s )  a r e  p e r f o r m e d .  The  o u t p u t  of  
a MATHEW r u n  is a n  a d j u s t e d  w i ~ l d  v e l o c i t y  f i e l d .  I n p u t  and o u t p u t  
i s o t a c h  maps and t o p o g r a p h y  maps o f  a c t u a l  and c o n d i t i o n e d  c o n t o u r s  a r e  
t e s t  r e s u l t s .  Ths r e s u l t s  a r e  a n a l y s e d  v i s u a l l y  and i n a t h e a a t i c a l l y .  
O b s e r v a t i o n  o f  t h e  c o m p u t a t i o n a l  p r o g r e s s i o n  o f  MATHEW1 s s o l u t i o n  
a l g o r i t h m  i s  p e r  formed. 
R e s u l t s  from t h e  m a t h e m a t i c a l  a n a l y s e s  and a l g o r i t h m  i n s p e c t i o n  a r e  
p r e s e n t e d .  C o n c l u s i o n s  which summarize a l l  o b s e r v a t i o n s  and v i s u a l  
a n a l y s e s  from T e s t s  I t h r u  V a r e  p r e s e n t e d .  These c o n c l u s i o n s ,  l i s t e d  i n  
T a b l e  6 ,  d e f i n e  t h e  r e l a t i o n s h i p  between i n p u t  p a r a m e t e r s  and MATHEW'S 
i n t e r p r e t a t i o n  o f  i n p u t  d a t a  and d e t e r m i n e  MATHP'rlfs g e o m e t r i c ,  d a t a  and 
s t r o a g e  s p a c e  l i m i t a t i o n s .  A recommended s c h e d u l e  p r o c e d u r e  ( T a b l e  7) 
f o r  i n p u t  pa ramete r  d e t e r m i n a t i o n  is g i v e n .  The s u g g e s t e d  s c h e d u l e  
p r o c e d u r e  coup led  w i t h  t h e  Conclusion Summary Table  p r o v i d e s  g u i d e l i n e s  
f o r  t h e  p o t e n t i a l  MATHEW u s e r ,  i n c r e a s e s  t h e  f a c i l i t y  of i t s  u s e  and 
e n h a n c e s  t h e  v i a b i l i t y  o f  t h e  model. A l l  c o n c l u s i o n s  and o b s e r v a t i o n s  
a r e  o f f e r e d  a s  an e f f e c t i v e  way t o  e v a l u a t e  t h e  merit of t h e  model.  
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CHAPTER I 
INTRODUCTION 
The computer a lgor i thm e n t i t l e d  MATHFd may b e  used a s  an a n a l y t i c  
t o o l  t o  de te rmine  t h e  optimum l o c a t i o n  f o r  s i t i n g  a  wind t u r b i n e  i n  a  
l a r g e  geographic  a rga .  Given topograph ica l  i n f o r m a t i o n ,  a wind shear  
p r o f i l e  and i n s t a n t a n e o u s  two-dimensional  ( h o r i z o n t a l )  v e l o c i t y  v a l u e s  
f o r  s p e c i f i e d  p o s i t i o n s  l o c a t e d  a t  t h e  a r e a  i n  ques t ion  a s  p h y s i c a l  
i n p u t s  t o  t h e  MATHEW program, one may o b t a i n  an a c c u r a t e  d e s c r i p t i o n  o f  
t h e  wind f low f i e l d .  These a d j u s t e d  wind f low f i e l d s  a r e  o u t p u t  a t  
predetermined l e v e l s  above t h e  ground t e r r a i n .  The wind p r o s p e c t o r  may 
use  t h e  o u t p u t  ( t h e  a d j u s t e d  wind f low f i e l d )  t o  ga in  i n s i z h t  a s  t o  where 
t h e  g r e a t e s t  p o t e n t i a l  f o r  e l e c t r i c i t y  g e n e r a t i o n  e x i s t s .  S ince  c o s t  
c o n s i d e r a t i o n s  and s i te  a v a i l a b i l i t y  must be noted a s  wel l  2s h i g h  wind 
s p e e d s ,  t h e  wind flow f i e l d  used i n  conjunct ion  wi th  geeg raph ic  con tou r  
and road maps p rov ide  a u s e f u l  t o o l  f o r  s i t e  e v a l u a t i o n .  
To o b t a i n  a  comprehensive unders tanding  of MATHEW, a u : i l i za t ion  and 
examinat ion o f  t h e  program is performed. S ince  n o t  o n l y  i n 2 u t  d a t a  ( i . e .  
phys i ca l  i n fo rma t ion )  b u t  a l s o  i n p u t  parameters  must b e  determined before  
MATHEW can b e  run t h e  wind p r o s p e c t o r ,  be fo re  u s ing  t h e  I4ATHEW program, 
must have an unders tanding  o f  how t h e s e  i n p u t  parameters  eCfec t  t h e  way 
MATHEW i n t e r p r e t s  i n p u t  d a t a .  
In t h i s  p a p e r ,  f i r s t  by d e s c r i b i n g  t h e  model and second by p e r f o r -  
ming tes t  r u n s  on MATHEW, an a n a l y s i s  o f  t h e  mass c o n s i s t e n t  wind f low 
model i s  performed. S ince  a  complete  unders tanding  of  MATHEW is  a  
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p r e r e q u i s i t e  f o r  s u c c e s s f u l l y  running the  MATHEW program, a  model 
d e s c r i p t i o n  is  f i r s t  presented.  h Chapter 11, a d e s c r i p t i o n  o f  t h e  
model is given.  An i n t e g r a l  i s  def ined  t h a t  minimizes t h e  d i f f e r e n c e  
between i n t e r p o l a t e d  (or  i g i n a l )  and ad jus t ed  v e l o c i t i e s  s u b j e c t  t o  t h e  
c o n s t r a i n t  t h a t  f l e x  1 s non-divergen t . Frcjiir t he  i n t e g r a l  f l inct ion , t h e  
method o f  l e a s t  va r i znces  is used t o  d e r i v e  an e l l i p t i c  p a r t i a l  
d i f f e r e n t i a l  equat ion  2nd is t h e  a n a l y t i c  foundation o f  t h e  model. ?he 
e q u a t i o n ' s  formulat ion and t h e  d e r i v a t i o n  of  subsequent  boundary 
c o n d i t i o n s  a r e  e l u c i d s t 5 d .  F i n i t e  d i f f e r e n c e  approximation is used t o  
so lve  t h e  boundary value p a r t i a l  d i f f e r e n t i a l  equat ion .  C o e f f i c i e n t s  o f  
the  numerical d i f f e r e n t i a l  equat ion  a r e  determined by surrounding t e r r a i n  
c o n d i t i o n s .  k t e r m i n a t i o n  o f  t h e  c o e f f i c i e n t s  i s  reviewed. An 
ove r re l axa t ion  technique is used t o  minimize t h e  nunber o f  i t e r a t i o n s  
r equ i red  t o  so lve  t h e  d i f f e r e n t i a l  equat ion  i n  t h e  a lgor i thm of MATHEW. 
The technique  i s  o u t l i n e d .  The s t r u c t u r e  of  t h e  MATHEW computer program 
is  demonstrated by a  flow c h a r t  w i t h  documentation f o r  each s u b r o u t i n e  
f u n c t i o n .  Solu t ion  of no t  on ly  t h e  numerical d i f f e r e n t i a l  equat ion  but  
a l s o  o f  ad jus t ed  v e l o c i t y  va lues  a r e  dependent on t h e  surrounding 
topography. Topographic information inpu t  i n t o  t h e  MATHEW program i s  
condi t ioned before  it i s  accepted i n t o  t h e  s o l u t i o n  a lgor i thm of  MATHEW. 
The means by which topography i s  condi t ioned is a l s o  examined. 
T h e o r e t i c a l l y ,  t h e  MATHEW progran i s  l i m i t e d  i n  t h e  sense  t h a t  it 
u s e s  on ly  t h e  equat ion  f o r  conservat ion  of  mass a s  a  s o l u t i o n  c o n s t r a i n t ;  
i t  does  not  use o t h e r  c o n s t r a i n t s  such a s  t h e  conse rva t ion  o f  momentum 
and t h e  c3nservat ion  of  energy. However, Lawrence Livermore Labora to r i e s  
b e l i e v e s  t h a t  q u a n t i t a t i v e l y  c o r r e c t  wind f i e l d s  a r e  produced a s  long a s  
r e a l i s t i c  wind f i e l d s  r e  e n t e r e d  a s  i n p u t  t o  MATHEW. According t o  
Sheman  [2], MATHEW assumes t h a t  i n t e r p o l a t e d  v e l o c i t i e s  ( d e r i v e d  from 
i n s t a n t a n e o u s  v e l o c i t y  v a l u e s )  a r e  a f a i r  r e p r e s e n t a t i o n  o f  t h e  a c t u a l  
mean wind f i e l d  and o n l y  nced t o  be  min imal ly  a d j u s t e d  to  s i g n i f i c a n t l y  
r educe  t h e  r e s u l t i n g  d i v e r g e n c e .  T n i s  minimal a d j u s t m e n t  assumpt ion  
j u s t i f i e s  t h e  use  o f  c a l c u l u s  o f  v a r i a t i o n s .  The n e c e s s i t y  and 
impor tance  o f  u s ing  i n p u t  i n f o r m a t i o n  t h a t  i s  t r u l y  r e p r e s e n t a t i v e  o f  
a c t u a l  p h y s i c a l  c o n d i t i o n s  i s  t h e n  no t ed .  
I npu t  i n f o r m a t i o n  r e q u i r e d  by MATHEW may be  d i v i d e d  i n t o  two g roups :  
(1 )  i n p u t  d a t a  and (25 i n p u t  p a r m e t e r s .  The i n p u t  d a t a  a r e  p h y s i c a l  
o b s e r v a t i o n s  measured a t  t h e  a r e a  i n  q u e s t i o n  ( i . e .  wind v e l o c i t y  v a l u e s ,  
s h e a r  p r o f i l e ,  e t c . )  and t h e  i n p u t  pa r ame te r s  a r e  t o  be  de t e rmined  by t h e  
MATHEW u s e r .  A l i s t  o f  i n p u t  i n f o r m a t i o n  is  g iven  below. 
1. I npu t  Data 
--
1. h s t a n t a n e o u s  two d imens iona l  wind v e l o c i t y  v e c t o r s  a t  
s p e c i f i e d  l o c a t i o n s .  
2. F i r s t  t empe ra tu r e  i n v e r s i o n  l a y e r  h e i g h t .  
3. Wind s h e a r  p r o f i l e .  
4. Topographic  i n  forrnatiotl  . 
2. Input  Parameters  
.- 
1. S i z e  o f  t h e  I4ATHEW a r e a .  
2. Delta x ,  d e l t a  y  and d e l t a  z. 
3. M, N a n d  L. 
4. Number o f  d a t a  s t a t i o n s .  
Before  t h e  s o l u t i o n  a l g o r i t h m  of MATHEW can  p roceed ,  i n p u t  d a t a  must 
b e  c o n d i t i o n e d  i n t o  a c c e p t a b l e  form. The i n p u t  p a r a m e t e r s  govern how 
i n p u t  d a t a  is  massaged and t h e r e b y  de t e rmine  how t h e  MATHEV program 
i n t e r p r e t s  i n p u t  d a t a .  The a r e a  i n  q u e s t i o n  is f i rs t  c o n f i n e d  t o  l i e  i n  
t h e  MATHEW box,  (show i n  F igu re  1  on t h e  f o l l o w i n g  page)  whose p o s i t i v e  x 
and y  d i r e c t i o n s  r e p r e s e n t  e a s t  and n o r t h  r e s p e c t i v e l y ,  and whose z 
d i r e c t i o n  c o r r e s p o n d s  t o  an i n c r e a s e  i n  e l e v a t i o n .  'he box is d i v i d e d  
i n t o  g r i d  b l o c k s ,  which a r e  used a s  e l emen t s  o f  t h e  f i n i t e  d i f f e r e n c e  
approx imat ion  r o u t i n e  i n  MATHETI. I n p u t  pa r ame te r s  d e f i n e  t h e  MATHEW box 
s i z e ,  t h e  g r i d  b l o c k  d imens ions  and t h e  number o f  p o s i t i o n s  where 
v e l o c i t y  v a l u e s  a r e  t o  be  r eco rded .  See s e c t i o n  2.2 f o r  a  more d e t a i l e d  
d i s c u s s i o n  o f  t h e  FIATHEW box. 
By l o o k i n g  a t  t h e  f l ow  c h a r t  ( F i g u r e  21 ,  o n e  may s e e  how t h e  
t h e o r e t i c a l  l i m i t a t i o n s  o f  a  program n e c e s s i t a t e  e s t a b l i s h i n g  a  
r e l a t i o n s h i p  between i n p u t  p a r a m e t e r s  and i n p u t  d a t a .  T h i s  pape r  
p roposes  t h a t  t h e  way i n p u t  pa r ame te r s  a r e  d e f i n e d  d o e s  i n d i r e c t l y  e f f e c t  
how " t r u l y  r e p r e s e n t a t i v e M  t h e  i n p u t  i n f o r m a t i o n  is s i n c e  it d e f i n e s  how 
i n p u t  d a t a  is i n t e r p r e t e d  by  t h e  MATHEW program. 
C h r i s t i n e  Sherman C31 h a s  s t a t e d  t h a t  t h e  d imens ions  o f  t h e  MATHEW 
box a r e  de te rmined  b y  a p p l i c a t i o n  r e q u i r e m e n t s  and c a p u t e r  s t o r a g e  
l i m i t a t i o n s .  To comprehend hod i n p u t  pa r ame te r s  may b e  d e f i n e d  t o  s u i t  
a p p l i c a t i o n  r e q u i r e m e n t s  i n  an o p t i m a l  manner,  one  must  r e c o g n i z e  t h a t  
a l l  i n p u t  parametes  a r e  l i m i t e d  ( o r  c o n s t r a i n e d )  t o  l i e  w i t h i n  a  g iven  
range .  The a r e a s  where MATHEW1s r a n g e  l i m i t a t i o n s  a r e  c o n s i d e r e d  may be  
c a t a g o r i z e d  a s  f o l l o w s :  ( 1 )  geome t r i c  c o n s t r a i n t s ,  ( 2 )  d a t a  c o n s t r a i n t s  
and (3) computer s t o r a g e  c o n s t r a i n t s .  
1. Geometr ic  C o n s t r a i n t s  
1. How l a r g e  a  MATHEW a r e a  can  b e  used e f f e c t i v e l y ?  
HEIGHT 
AREA = A x B 
H = NUMBER OF GRID BL(ICS IN x OIRECTION 
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L = NLmSER OF GRID B L O C S  IN z DIRECTICY 
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2. How l a r g e  may g r i d  blocks be and stil l  g i v e  a  r e a l i s t i c  
r e p r e s e n t a t i o n ?  
3. - Haw does t h e  va lue  o f  g r i d  l e v e l  he ight  change t h e  run? 
4. Is i t  b e t t e r  t o  have a  l a r g e  M and N v a l u e  o r  a  l a r g e  I.? 
2. Data Cons t ra in t s  
-
1. How few v e l o c i t y  d a t a  po in t s  may be used t o  p r e d i c t  a  wind 
f i e l d ?  
2. How does t h e  omission of  one d a t a  po in t  l o c a t i o n  a l t e r  the  
adjus ted  wind v e l o c i t y  f i e l d ?  
3. Storage  Space Cons t ra in t s  
1. What is  t h e  maximum amount o f  s to rage  space  t h a t  t h e  MATHEN 
program al lows? 
2. How does t h i s  c o n s t r a i n t  a f f e c t  de terminat ion  of parameter 
v  a1 u e  s? 
By performing a  s e r i e s  o f  t e s t s ,  t h e s e  a p p l i c a t i o n  l i m i t a t i o n s  a r e  
confronted.  For each s i t e ,  a f t e r  inpu t  da ta  h a s  been acqu i red ,  t h e  
MATHE3 program is run with va r ious  combinations of  i n p u t  parameters  t o  
determine an acceptable  range f o r  t h e  given c o n s t r a i n t s  and t o  l e a r n  how, 
by changing input  parameters ,  i n p u t  information accord ing ly  changes and 
the reby  a f f e c t s  a  change i n  ad jus t ed  wind flow. f i e l d s .  
Tne t e s t i n g  procedure (Chapter 111) c o n s i s t s  o f  t h r e e  p a s t s .  The 
f i rs t  p a r t ,  program implementation, i s  divided i n t o  two t a s k s ,  ( 1 )  d a t a  
- a q u i s i t i o n  and (2)  program implementation. ' h e  d a t a  aqui red  and t h e  
United S t a t e s  Geological  Survey topography maps f o r  both Pr ince ton  and 
Windsor. Mass. a r e  given i n  Appendix C. A l l  supplementary programs and 
a l l  necessary  e d i t  changes r equ i red  f o r  program implementation a r e  given 
i n  Appendix B. 
Test  c l a s s i f i c a t i o n  i s  t h e  second p a r t  of t e s t i n g  procedure.  F ive  
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i n i d i v i d u a l  t e s t s  a r e  de f ined  t o  i n v e s t i g a t e  geometr ic ,  d a t a  and s t o r a g e  
space  l i m i t a t i o n s .  The t e s t s  a r e  ca t agor i zed  i n  s e c t i o n  3.2. The MATHEW 
program is run seventeen  t imes  ( e i g h t  t imes  f o r  Windsor and n ine  t imes  
f o r  P r ince ton) .  Input  parameters  f o r  each run  a r e  determined i n  
accordance with test  func t ion .  MATHEW r u n s  a r e  t i t l e d  c a t a g o r i c a l l y  and 
wi th  r e s p e c t  t o  l o c a t i o n  (i .e. 'rJIN1, WIN2 PRINC1, PRINC2, e c t .  1; t h e  
Input  Parameter Summary Sheet  f o r  t h e s e  runs  may b e  found i n  s e c t i o n  4.1. 
The t h i r d  p a r t ,  Examination, i s  d iscussed  i n  s e c t i o n  3.3. The 
r e s u l t s  ( ad jus t ed  wind v e l o c i t y  f i e l d s )  from each tes t  run  a r e  analysed 
v i s u a l l y  and r n a t h ~ r n a t i ~ a l l ~ .  The method of  a n a l y s i s  f o r  each t e s t  i s  a  
func t ion  o f  t h e  t e s t  i t s e l f .  The appropr i a t e  a n a l y s i s  procedure is  
desc r ibed  f o r  each t e s t  ca t agory .  
Appl ica t ion  of t h e  MATHEW program t o  Tes ts  I t h r u  V is  given i n  
Chapter I V .  Each s e c t i o n  o f  t h i s  chap te r  d e s c r i b e s  one t e s t  performed by 
d e f i n i n g  t e s t  f u n c t i o n ,  d e s c r i b i n g  t h e  a p p l i c a b l e  MATHEW r u n s ,  d i s p l a y i n g  
both  i n p u t  informat ion  ( topography and inpu t  i s o t a c h  maps) and o u t p u t  
ad jus t ed  wind flow f i e l d s ,  d i s c u s s i n g  a l l  obse rva t ions  and p r e s e n t i n g  a  
condensed l i s t i n g  o f  conc lus ions .  
In Chapter V,  r e s u l t s  from mathematical a n a l y s e s  and from 
o b s e r v a t i o n s  o f  t h e  s o l u t i o n  a lgor i thm of MATHEM a r e  presented .  From 
t h e s e  r e s u l t s  and a  summary o f  a l l  obse rva t ions  made i n  T e s t s  I t h r u  V,  
conc lus ions  on t h e  geometr ic ,  d a t a  and s to rage  space  l i m i t a t i o n s  a r e  
made. The conc lus ions  summarized in  Table 6 d e f i n e  t h e  r e l a t i o n s h i p  
between inpu t  parameters  and MATHEIJfs i n t e r p r e t a t i o n  o f  i n p u t  d a t a .  
F i n a l l y ,  a  recommended schedule  procedure which may be  used f o r  a l l  
MATHEW u s e r s  (Tabl,e 7) is given a s  an a i d  t o  t h e  p o t e n t i a l  MATHEW u s e r .  
CHAPTER 11 
MODEL DESCRIPTION 
2.1 AtJ4LYTIC FOUNDATION 
2.1.1 Formulation. Sasaki  [ 4 1  introduced a  method o f  o b j e c t i v e  
a n a l y s i s  based on t h e  v a r i a t i o n a l  method which op t imizes  observed va lues  
under c e r t a i n  s u b s i d i a r y  cond i t ions .  This  method a l lows f o r  t h e  ad jus t ed  
v a l u e s  t o  s a t i s f y  an imposed s t rong  c o n s t r a i n t  while changing t h e  
observed va lues  by a  minimal adjustment .  For t h e  MATHEW model, t h e  
s t rong  c o n s t r a i n t  formalism coupled with p rov i s ions  f o r  no f low through 
i n t e r n 2 1  ( o r  c losed)  boundaries  i s  used. Dickerson [51 b e l i e v e s  t h a t  
t h i s  fcrmulat ion has been developed by t h e  need t o  r e s o l v e  boundary 
condit iorls .  It w i l l  be d iscussed  i n  more d e t a i l .  
A s  i n  Sasaki 161, l e t >  ~f r e p r e s e n t  observed v e l o c i t y  v a l u e s  a t  a  
p o i n t  ( x , y , z )  a t  an i n s t a n t  i n  t ime and Ui t h e  correspondingly  
o b j e c t i v e l y  modified va lues  where subsc r ip t  i r e f e r s  t o  d i f f e r e n t  
elements .  The sum of  t h e  squares  o f  t h e  d i f f e r e n c e  a t  a  p o i n t  may be 
expressed a s  
. . 
where cfi a r e  weighting f a c t o r s .  In o rde r  t o  ob ta in  t h e  modif ied v a l u e s  
we r e q u i r e  t h e  i n t e g r a l  J of equat ion  ( 1  over t h e  volume cons idered ,  V, 
t o  be a minimum or' t he  va lue  of  i t s  v a r i a t i o n  t o  be zero .  This  may be 
expressed a s  
When the  above r e l a t i o n s h i p  i s  s u b j e c t  t o  the  c o n s t r a i n t  t h a t  t h e  t h r e e  
dimensional  o b j e c t i v e l y  modified ( a d j u s t e d )  wind f i e l d  is nondivergent ,  
where : 
8 - v a r i a t i o n a l  ope ra to r  
J - func t iona l  o f  a n a l y s i s  f i e l d  
u, y w  -adjusted v e l o c i t y  cornponenets i n  the  x ,  y and z 
d i r e c t i o n s  
uO, vQ, wo -observed v e l o c i t y  components i n  t h e  x ,  y  and z 
d i r e c t i o n s  
a,, 3 -we igh t ing  f a c t o r s  
X -Lagrangian m u l t i p l i e r  
Using t h e  E ins te in  summation convention where r epea ted  s u b s c r i p t s  a r e  
summed, the  t e n s o r  form may be w r i t t e n  a s  
. .. . . .  . 
where 
Cjil -kronecker d e l t a  
&I - d i f f e r e n t i a l  volume element 
Before proceeding,  a s  i n  Courant [ T I ,  t h e  fo l lowing r e l a t i o n s h i p s  a r e  
e s t a b l i s h e d  
1. F is  t w i c e  c o n t i n u o u s l y  d i f f e r e n t i a l b e  w i t h  r e s p e c t  t o  x i ,  Ui 
and ui. 
2. The second d e r i v a t i v e  o f  u r  i s  a l s o  assumed c o n t i n u o u s .  
3. L e t u i = u i ( x , ) = f ( x i ) b e  t h e  d e s i r e d  e x t r e a a l  f u n c t i o n  y e i l d i n g  t h e  
minimum. suppose t h a t  i n  a  s u f f i c i e n t l y  s m a l l  neighborhood ( g )  
of t h e  f u n c t i o n  f ( x , ) , .  t h e  i n t e g r a l  ! (a i !  i s  s m a l l e s t  when u = 
f bJ. 
4. Let  r l ( x , ) .  d e f i n e d  over  t h e  volume, V, p o s s e s s  a  c o n t i n u o u s  
second d e r i v a t i v e  and v a n i s h  a t  t h e  end p o i n t s  b u t  i s  o t h e r w i s e  
a r b i t r a r y .  
6. $ =  e'7(xi) is known a s  t h e  v a r i a t i o n  f u n c t i o n .  
7. E i s  a  paramete r  w i t h  a  s m a l l  a b s o l u t e  v a l u e .  
8. Let J(E,) = J(u,+a?,) =p(o)  
9. J ( g , )  h a s  a minimum a t  ~ = 0 .  
10. The v a r i a t i o n  o f  J e q u a l s  z e r o  when J p o s s e s s e s  a minirnwn a t  € = 
( ii, 1 = 0 o r  3'(0)=0=6J. ( 8 )  
Some u s e f u l  t e rmino logy  i s  now i n t r o d u c e d .  We c a l l e d  
I n  t h i s  way 
Now t o  minimize t h e  i n t e g r a l  J ,  we know t h a t  
9- 
h(xi,3,G,'i;) = a2bi, Liiiq).Gj$) + X g j w  
hi 
Then 
S u b s t i t u t i n g  
Using t h e  c h a i n  r u l e ,  o n e  may n o t e  
S u b s t i t u t i n g ,  
S i n c e  
and 
S i n c e  
and 
t h e n  
and we h a v e  
S i n c e  Ti is a r i t r a r y ,  f o r  t h e  i n t e g r a l  t o  v a n i s h  o n e  must  s e t  t h e  
t e r m s  i n s i d e  t h e  b r a c k e t s  e q u a l  t o  z e r o .  One o b t a i n s  t h e  Euler-Lagrange 
e q u a t i o n  
where  
In  t h i s  way 
2.1.2 Boundary C o n d i t i o n s .  Above, it was shown b y  u s i n g  Couran t  [ 8  I 
t h a t  f o r  J t o  be  s t a t i o n c ? r y ,  t h e  f i r s t  v a r i a t i o n  must v a n i s h  and t h a t  t h e  
Euler-Lagrange e q u a t i o n  rn1;lst be s a t i s f i e d  f o r  a l l  i n t e r i o r  p o i n t s .  One 
must a l s o  c o n s i d e r  t h a t  t h e  boundary c o n d i t i o n s  
d (u )  X n, = 0 
6(v) An, = 0 
S(;yj An, = 0 
e x i s t .  As noted  by S a s a k i  [ 9 1 ,  t h e  MATHEW program u s e s  t h e  s t r o n g  
c o n s t r a i n t  fo rmal i sm (i .e .  E = 0 )  c a u p l e d  wi th  p r o v i s i o n s  f o r  no f l o w  
though  i n t e r n a l  b o u n d a r i e s .  T h i s  a l l o w s  f o r  a  c h a n n e l i n g  e f f e c t  and f o r  
a  d i v e r s i o n  f l o w  around c ~ - i l p l e x  t o p o g r a p h i c  f e a t u r e s .  
On t h e  boundary ,  e i t h e r  t h e  normal v a r i a r i o n  o f  v e l o c i t y  e q u a l s  z e r o  
( n,S(u) = 0 )  o r  X e q u a l s  z e r o .  Shennan C1.01 s t a t e s  t h a t  s p e c i f y i n g  b o t h  
c o n d i t i o n s  o v e r d e t e r m i n e s  t h e  problem.  In t h i s  way, t h e r e  a r e  
e s s e n t i a l l y  two c a s e s  t o  c o n s i d e r .  \ h e n  6(ui) = 0, t h e  v a r i a t i o n  o f  t h e  
f u n c t i o n  a t  t h e  boundary i s  s e t  e q u a l  t o  z e r o .  The f u n c t i o n  h a s  a  
p r e s c r i b e d  v a l u e  a t  t h e  bosndzry .  The s t r o n g  c o n s t r a i n t  fo rmal i sm u s e s  
t h e  s e t  o f  p r e s c i b e d  c l o s e d  boundary c o n d i t i o n s  6(u) = 0 .  T n i s  i m p l i e s  
t h a t  . t h e  v a r i a t i o n  o f  U-u0 e q u a l s  z e r o  on a  boundary  ( i  .e .  u=uO ). 
dX From e q u a t i o n s  (21  1-(23)  one may s e e  t h a t  then  - must e q u a l  z e r o  a l s o .  
dn 
If t h e  a d j u s t e d  wind v e l o c i t y  h a s  t h e  same v a l u e  as  t h e  observed  
v e l o c i t y ,  t h e  boundnry a t  t h a t  p o i n t  i s  c a l l e d  "no f l o w  t h r o u g h f f .  In 
d l  t h i s  way, f o r  c l o s e d  b o u n d a r i e s ,  t h e  boundary c o n d i t i o n  - = 0 i s  
ax 
p r e s c r i b e d  by  a s s i g n i n g  6 (u)  =: 0. 
L a t e r a l  boundary c o n d i t i o n s  a r e  s a t i s f i e d  by A = 0 around t h e  o u t s i d e  
o f  t h e  MATHEW box;  on t h e  i n t e r i o r  boundaries  where topography i s  
b locking  the  f low,  "no f low throughn c o n d i t i o n s  e x i s t .  
Ch t h e  o u t s i d e  o f  t h e  MATHEW box,  t h e r e  do e x i s t  open boundar ies  
where no a p r i o r i  c o n d i t i o n s  may be  assumed. S ince  S(u) is  a r b i t r a r y  a t  
t h e  boundary i n  t h e s e  c a s e s ,  one o b t a i n s  a s  a  neces sa ry  boundzry 
c o n d i t i o n  t h e  n a t u r a l  boundary c o n d i t i o n  A = 0. When A = 0 on a 
ax boundary,  - i n  g e n e r a l  does  no t  equal  zero. Th i s  means t h a t  t h e  dn 
observed v e l o c i t i e s  a r e  a d j u s t e d  f o r  t he  open lTflow throughn case .  
Sherman [ 111 t hen  de t e rmines  t h a t  t h e  normal v e l o c i t y  v a r i a t i o n  does  not 
equa l  zero he re .  'Ihe f low through boundary a l lows  in-f low and out-f low 
f l u x  ad jus tmen t s  t o  t ake  p l ace .  
S u b s t i t u t i n g  t h e  Eulerp-Lagrange equat ion  i n t o  t h e  non-diversion 
e q u a t i o n ,  one o b t a i n s  
L e t t i n g  
then  
The t e rms  on t h e  r ight-hand s i d e  o f  t h e  above equa t ion  may b e  
eva lua t ed  d i r e c t l y  from observed d a t a  using s t anda rd  t echn iques .  Sasak i  
1121 concludes t h a t  i f  t h i s  sum is equal  t o  z e r o ,  t h e  a d j u s t e d  q u a n t i t i e s  
a r e  equal t o  the  observed q u a n t i t i e s .  When the swn of  t h e s e  te rms is  n o t  
ze ro ,  t h e  s o l u t i o n  o f  t h e  above equat ion  g i v e s  t h e  d e v i a t i o n  o f  t h e  
Lagrangian m u l t i p l i e r ,  X . ' h e  adjus ted  v e l o c i t y  v a l u e s  may be  then 
obtained f ron t h e  Euler-Lagrange equat ions .  
2.2 NUTIERICAL. TECHNIQUE 
F i n i t e  d i f f e r e n c e  app rox ima t ions  a r e  used t o  s o l v e  t h e  e l l i p t i c  
p a r t i a l  d i f f e r e n t i a l  e q u a t i o n  g iven  i n  e q u a t i o n  25. The MATHEW box 
e n c l c s e s  t h e  a r e a  i n  q u e s t i o n .  The Universa l  T r a n s v e r s e  Mercator  
c o o r d i n a t e  sys tem i s  used t o  d e f i n e  t h e  box. The p o s i t i v e  x  and y  
d i r e c t i o n s  cc r r e spond  t o  e a s t  and n o r t h  r e s p e c t i v e l y  and t h e  p o s i t i v e  z 
d i r e c t i o n  d e f i n e s  an i n c r e a s e  i n  e l e v a t i o n .  A numer i ca l  t r a n s f o r m a t i o n  
o f  t h e  e q u a t i o n s  d e r i v e d  from o b j e c t i v e  a n a l y s i s  i s  performed t o  s o l v e  
f o r  t h e  Lagraangian m u l t i p l i e r ,  A ,  which is used t o  d e t e r m i n e  t h e  a d j u s t e d  
v e l o c i t y  f i e l d .  C o e f f i c i e n t s  o f  t h e  d i f f e r e n t i a l  e q u a t i o n  a s  w e l l  a s  
boundary c o n d i t i o n s ,  a r e  s p e c i f i c  t o  g r i d  b lock  l o c a t i o n  s i n c e  t h e y  a r e  
f u n c t i o n s  o f  su r round ing  t e r r a i n  c o n d i t i o n s .  me i t e r a t i o n  r o u t i n e  used 
t o  s o l v e  t h e  numer i ca l  d i f f e r e n t i a l  e q u a t i o n  a p p l i e s  an o v e r r e l a x a t i o n  
t e chn ique  t o  speed up convergence .  The we igh t s ,  C?, and cr2 a r e  de t e rmined  
w i th  respct;  t o  g r i d  b l o c k  geomet ry ;  t h e y  a r e  d e f i n e d .  
F i g u r e  1 i n  Chapter I g i v e s  an i l l u s t r a t i o n  o f  t h e  MATHEW box. Tne 
MATHEN box s e t s  a s  i t s  lowes t  p o i n t  ( i . e .  z = 0 )  e q u a l  t o  minimum t e r r a i n  
l e v e l .  Legn"ss A and B d e f i n e  t h e  eas t -wes t  and no r th - sou th  l e g n t h s  o f  
t h e  a r e a  i n  q u e s t i o n .  The h e i g h t  o f  t h e  r e c t a n g u l a r  box c o r r e s p o n d s  
( app rox ima te ly )  to t h e  h e i g h t  o f  t h e  f i r s t  t e m p e r a t u r e  i n v e r s i o n  l a y e r .  
It i s  noted h e r e  t h a t  a l t hough  t h e  v a l u e  C might  b e  c o n s i d e r e d  a s  i n p u t  
d a t a ,  s i n c e  it ( t h e  f i r s t  t e m p e r a t u r e  i n v e r s i o n  l a y e r  h e i g h t )  d o e s  
r e f l e c t  p h y s i c a l  c o n d i t i o n s ,  f o r  a l l  c a s e s  s t u d i e d  i n  t h i s  r e p o r t  t h e  
i n v e r s i o n  l a y e r  h e i g h t  i s  assumed equa l  t o  between 550 and 600 m above 
t e r r a i n  h i e g h t .  M ,  N and L a r e  d e f i n e d  a s  t h e  number o f  g r i d  p o i n t s  i n  ' 
t h e  x ,  y  and z d i r e c t i o n s  r e s p e c t i v e ] .  y .  
D e l t a  x ,  d e l t a  y and d e l t a  z a r e  t h e  r e s p e c t i v e  d i s t a n c e s  be tween  
g r i d  p o i n t s  i n  t h e  x ,  y  and z d i r e c t i o n s .  One g r i d  b l o c k  h a s  t h e  v o l u n e  
4~ x  Ay x  A Z  and a l l  g r i d  b l o c k s  a r e  o f  eqi la l  d i m e n s i o n s .  E x t e r i o r  
g r i d  b l o c k s  a r e  t h o s e  l o c a t e d  o n  x = 1 ,  x = :,I, y = 1, y  = N, z = L and z 
= t o p o g r a p h y  h e i g h t  l e v e l .  A l l  i n t e r i o r  g r i d  Sloclw a r e  t h o s e  e n c l o s e d  
b y  e x t e r i o r  g r i d  b l o c k  b o u n d a r i e s .  B s e r v e d  v e l o c i t y  v a l u e s  i n  t h e  x  and 
y  d i r e c t i o n  ( u  and v  v e l o c i t y  components)  a r e  a s s i g n e d  t o  e a c h  g r i d  b l o c k  
l o c a t i o n .  These  v a l u e s  a r e  o b t a i n e d  5 y  i n t e r p o l a t i n g  o b s e r v e d  
i n s t a n t a n e o u s  v e l o c i t y  v a l u e s  measured a t  s p 2 c i f i e d  l o c a t i o n s  and by 
u s i n g  a  s h e a r  c o e f f i c i e n t  ( a l s o  measured)  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  
between - v e l o c i t y  and h e i g h t .  S i n c e  measurements  o f  t h e  v e r t i c a l  v e l o c i t y  
components  a r e  r a r e l y  a v a i l a b l e ,  Sherman [ I31  b e l i e v e s  t h a t  i n i t i a l  
v e r t i c a l  v e l o c i t y  s h o u l d  be s e t  e q u a l  t o  z e r o .  
The t o p o g r a p h y  mus t  b e  massaged o r  c o n d i t i c n e d  i n t o  a c c e p t a b l e  form 
so t h a t  it i s  i n  a c c o r d a n c e  w i t h  f i n i t e  d i f f e r e n c e  t e c h n i q u e .  A c t u a l  
e l e v a t i o n s  o f  an a r e a  a r e  a v e r a g e d  w i t h i n  d o u b l e  w i d t h  g r i d  ce l l s  t o  
p r o v i d e  an e l e v a t i o n  o f  t h e  d o u b l e  c e l l .   herm man [ I 4 1  s a y s  t h a t  t h e  
d o u b l e  c e l l  w i d t h  r e s t r i c t i o n  r e s u l t s  from t h e  d i f f e r e n c e  scheme u s e d  i n  
t h e  model.  The t o p o g r a p h y  h e i g h t  a t  e a c h  x-y g r i d  p o s i t i o n  is a s s i g n e d  
t o  a  g i v e n  l e v e l .  The manner by which t o p o g r a p h y  i s  c o n d i t i o n e d  i s  
d e s c r i b e d  i n  more d e t a i l  i n  s e c t i o n  2.4. 
A t  e v e r y  i n t e r i o r  g r i d  p o i n t  e q u a t i o n  ( 1 )  i s  r l u r n e r i c a l l y  t r a n s f o r m e d  
i n  t o  
where the  divergenge is 
The above equa t ion  may be w r i t t e n  a s  
where s u b s c r i p t  m r e f e r s  t o  the  i j k  p o s i t i o n .  
me constants Am through & a r e  def ined  in C h r i s t i n e  Sherman's t h e s i s  
CIS] f o r  a l l  topographic  d e s c r i p t o r s .  The topgrapgh ica l ly  dependen'; 
c o n s t a n t s  a r e  def ined  in  terms o f  boundary cond i t ions  a t  each  g r i d  c e l l  
p o s i t i o n .  In t h i s  way t h e i r  va lues  depend on t h e  topography surrounding 
t h e  g r i d  c e l l .  Determination of  t h e s e  c o e f f i c i e n t s  is  discussed  i n  
Appendix A. 
A t  t h e  boundar ies ,  t h e  normal first d e r i v a t i v e  i s  approximated by a 
f i r s t  forward d i f f e r e n c e  
o r  by a backward f i r s t  d i f f e r e n c e  
The adjus ted  wind v e l o c i t i e s  a r e  c a l c u l a t e d  from 
The va lues  of f o r  a l l  i n t e r i o r  g r i d  po in t s  i s  c a l c u l a t e d  by us ing  
equat ion  27. The e n t i r e  system o f  d i f f e r e n c e  equa t ion  ( equa t ion  29) a r e  
solved s imul taneous ly  f o r  Xijk a t  each i n t e r i o r  g r i d  p ion t .  As a l r e a d y  
no ted ,  t h e  c o e f f i c i e n t s  o f  equat ion  29 are  s p e c i f i c  t o  g r i d  poin t  
l o c a t i o n .  The c o e f f i c i e n t  matr ix  i s  d i a g o n a l l y  dominant and Q 
nonsymmetric ; t h e  equat ion  s e t  i s  so lve  i t e r a t i v e l y .  
I n  r e c e n t  yea r s  much s tudy  has  been given t o  ways f o r  speeding up t h e  
convergence of  t h e  i t e r a t i v e  method. The Gauss Se ide l  numerical  method 
(used above) is i t e r a t i v e  and has been s tudied  i n t e n s i v e l y  i n  t h i s  
regard .  The ove r re l axa t ion  technique has been found t o  be p r o f i t a b l e  i n  
speeding up t h e  convergence. An over re l ax t ion  f a c t o r  o f  1.78 has been 
determined exper imenta l ly  by Sheman 11161. 




t h e n  e q u a t i o n  29 may b e  w r i t t e n  a s  
So lv ing  f o r  Xijk 
Using t h e  o v e r r e l a x a t i o n  t e chn ique  des igned  by Fo r sy the  and Wasaw (17 )  i n  
t h e  i t e r a t i v e  r o u t i n e ,  one  o b t a i n s  
orig,,k z A,,~L .< + - ) (1 -ul 'iik[u Gi? GR 
Reducing t h e  above 
I f  we l e t  
Then 
is used.  RES i s  termed t h e  Res idua l .  In s e c t i o n  2.3 a  more d e t a i l e d  
d e s c r i p t i o n  o f  t h e  i t e r a t i o n  procedure  used b y  t h e  MATHEW program i s  
g i v e n .  
Having so lved  f o r  AilL a t  a l l  i n t e r i o r  g r i d  p o i n t s ,  t h e  v a l u e s  o f  
XIr on t h e  topographic b o u n d a r i e s  a r e  so1v.d f o r  b y  u s i n g  e q u a t i o n s  30 
and 31. On open b o u n d a r i e s ,  t h e  p rocedure  used f o r  c a l c u l a t i n g  t h e  
Lagrangian m u l t i p l i e r  i s  documented i n  Appendix P-. Having so lved  f o r  
Xijk a t  a l l  g r i d  p o i n t s ,  t h e  a d j u s t e d  v e l o c i t y  components a r e  c a l c u l a t e d  
u s ing  e q u a t a i o n s  32, 33 and 34. 
The weight  r a t i o s  5 a r e  de t e rmined  a s  i n p u t s  t o  t h e  MATHEW program. 
C32 
In t h e  p r o j e c t  r e p o r t  o f  Marilyn P e l o s i  1181, t h e  we igh t  r a t i o  i s  
d i s c u s s e d .  She s a y s  t h a t  t h e  p a r t i c u l a r  weight r a t i o  used f o r  a  s p e c i f i c  
a p p l i c a t i o n  o f  MATHEW shou ld  be r e l a t e d  t o  g r i d  b l o c k  gecmetry.  [.!ATHEN 
a d j u s t s  t h e  i n i t i a l  wind f i e l d  t o  y e i l d  a  mass c o n s i s t e n t :  wind f i e l d .  By 
keeping t h e  volume f l ow  i n  t h e  h o r i z o n t a l  and v e r t i c a l  d i r e c t i o n  t h e  same 
o r d e r  o f  magn i t ude ,  t h e  a l g o r i t h m  works t owards  a g o a l  o f  mass 
c o n s i s t e n c y  i n  an e f f i c i e n t  manner. Since t i l e  f low i s  assumed 
imcornpress ible ,  t h e  mass f l o w  i n  t h e  h o r i z o n t a l  d i r e c t i o n  is p r o p o r t i o n a l  
t o  ( a r e a )  x ( v e l o c i t y )  = ai X \  . (F igu re  3 )  The mass f l ow  i n  t h e  
v e r t i c a l  d i r e c t i o n  = a 2 X v ,  . Tne re fo r e  a  ~ e i g h t i n g  scheine i s  used t o  
keep  a! ufa''v' e q u a l  t o  one.  The r a t i o  z2 s h u l d  b e  o r  t h e  same o r d e r  o f  
f f 2 Q 2 . V ~  
magni tude  a s  9 
ai ' 
S i n c e  t h e  MATHEW box i s  r e c t z n ; ~ i l a r ,  t h e  weight  
A.0 A.8 
r a t i o ,  3 , i s  c a l c u l a t e d  from t h e  average  o f  2nd zc, t h s   eight 
a2 
r a t i o s  c o r r e s p o n d i n g  t o  t h e  x and y d i r e c t i o n s  I - e s p e c t i v e l y .  A ,  B ,  and C 
a r e  l e g n t h s  show on F igu re  3. Using t h e  appropr ia te1 .y  weighted scheme 
a l l ows  r a p i d  convergence o f  t h e  i t e r a t i o n  d e s c r i b e d  above.  I f  9 i s  t o o  
Q2 
Ci l a r g e ,  t h e  v e r t i c a l  v e l o c i t y  domina tes  and i f  -4. i s  t o o  s m a l l  t h e  
a 2  
h o r i z o n t a l  v e l o c i t y  domina t e s .  
V, = Horizontal Ye,loci-ty 
V, = Vertical Velocity 
A1 = Vertical Area 
A2 = Horizontal Area 
Weighting Factor Calculation for Mathew Box 
2 .3  COMPUTER FORMAT 
The a r c h i t e c t u r e  o f  t h e  MATHEIJ program is d e s c r i b e d  i n  t h i s  s e c t i o n .  
A f l o w  c h a r t  o f  t h e  MATHEW program ( F i g u r e  4 )  and an e x p l a n a t i o n  o f  i n p u t  
t a p e s  a r e  g i v e n .  I n p u t  i n f o r m a t i o n  r e q u i r e d  by MATHFd i s  l i s t e d  i n  i n  
Chap te r  I. Also a  b r i e f  d o c u m e n t a t i o n  e a c h  s u b r o u t i n e  (and i ts  f u n c t i o n )  
i s  g i v e n .  For  a  more d e t a i l e d  a c c o u n t  o f  t h e  i n t e r n a l  s t r u c t u r e  o f  
MATHEW, see Appendix A ,  en t i t l e d  t h e  Documantation o f  MATHEW S u b r o u t i n e s  . 
Both Tape 20 and Tape 4 7  a r e  o u t p u t s  from s u b s i d i a r y  p rograms  
r e q u i r e d  t o  implement MATHEW ( s e e  Appendix B) . Tape 47 i s  t h e  i n p u t  
t o p o g r a p h y  t a p e  and Tape 20  t h e  i n p u t  v e l o c i t y  t a p e .  Tape 4 7  g i v e s  
a v e r a g e d  t o p o g r a p h y  h e i g h t s  (d imens ioned  i n  meters) f o r  d o u b l e  w i d t h  g r i d  
s q u a r e s  d imens ioned  2  x  d e l t a  x by 2 x d e l t a  y .  The i n p u t  v e l o c i t y  t a p e  
g i v e s  i n t e r p o l a t e d  two  d i m e n s i o n a l  ( x  and y  v e l o c i t y  componen t s )  v e l o c i t y  
v a l u e s  a t  e a c h  g r i d  b l o c k  l o c a t i o n  a t  a  r e f e r e n c e  h e i g h t .  In a l l  MATHE3 
r u n s ,  a  r e f e r e n c e  h e i g h t  of 50 m i s  used .  
I n p u t  p a r a m e t e r s  a r e  d e f i n e d  b e f o r e  t h e  a l g o r i t h m  o f  )!ATHEW c a n  
p r o c e d e .  t h e  v a l u e s  d e f i n e d  a r e  : 
M, N ,  L - the number o f  g r i d  p o i n t s  i n  t h e  x ,  y  and  z d i r e c t i o n s  
r e s p e c t i v e l y .  
A x ,  A y  - d e l t a  x and d e l t a  y  i n  meters. It s h o u l d  b e  n o t e d  t h a t  
d e l t a  x and d e l t a  y m u s t  a l w a y s  b e  d i v i s i b l e  by  63.4 m s i n c e  t h i s  
d i s t a n c e  s e p a r a t e s  t o p o g r a p h i c  h e i g h t  i n f o r m a t i o n .  
- = - - p r e d e t e r m i n e d  w e i g h t s .  (See s e c t i o n  2 .2 . )  
a2 Q" 
REF - r e f e r e n c e  h e i g h t  i n  m e t e r s  f o r  which i n t e r p o l a t e d  v e l o c i t y  
v a l u e s  a r e  g i v e n .  
D e i i  ne I n p u t  Parameters 
I I n p l t  Interpolated Yelocity F i c l d  (TAPE 20) 1 
1 
GO t o  Subroutine Define minimum surface height and calculate  1 
Tcpog ' surface height in terms of z .  Expand Mathew 
square t o  fu l l  dimensions. 
L 1 
I 
Go t o  Subroutine I Determine grid description based on Grides topography of four surrounding grjd ce l l s .  
: 
Go to Subroutine Set up coefficients of O.E.  
I. 
Set surface height equal t o  largest of four 
surrounding grid cel l  s .  
4 
Go to  Subroutine 
.-, Use powerlaw t o  expand i n i t i a l  input 







GO to subroutinef 
Adjuvw ; Calculate values a t  closed boundaries; 
C Calculate a a t  open boundaries ; Calculate A a t  topography. 
Go t o  Subroutine 
Setori g 
.Main Program - 
. Calculate RHS of D.E.  
+ 
Calculate a t  a l l  in te r ior  
grid points. 
FIGURE 4. Flow Chart  of Hathew Program 
I 
I d 
0uti'ut>djus ted three-component 
velocity values a t  a l l  levels (TAPE 86) 
and two-component interpolated velocity 
values a t  a1 1 levels (TAPE 21).  
I 
26 
A,z - d e l t a  z i n  m e t e r s  
cl -shear  c o e f f i c i e n t  which d e s c r i b e s  v e r t i c a l  v e l o c i t y  
v a r i a t i o n s .  
The s u b r o u t i n e s  shown i n  F igu re  4 a r e  doclmented below. 
Sub rou t i ne  
1. A l l  h e i g h t s  ( i n  m e t e r s )  a r e  r e ad  from Tape 47  and t r a n s l a t e d  
i n t o  l e v e l s .  Each l e ' i e l  i s  e q u a l l y  d i s t a n c e d  by  d e l t a  z .  The 
minimum s u r f s c e  l e v e l  h e i g h t  i s  de te rmined .  
2. Level h e i g h t s  a r e  a d j u s t e d  so t h a t  l o w e s t  s u r f a c e  h e i g h t  
c o r r e s p o n d s  t o  z e ro  l e v e l .  
3. Tne MATHEW a r r a y  i s  expanded so t h a t  t h e  number o f  x and y  
c o o r d i n a t e s  a r e  doubled.  Each g r i d  c e l l  l e v e l  a s s i g n s  i t s  l e v e l  
t o  i ts  n e i g h b o r i n g  r i g h t ,  upper  and upper  r i g h t  g r i d  c e l l  so 
t h a t  eve ry  f o u r g r i d  c e l l  b locks  has  t h e  same l e v e l  h e i g h t .  
2. Sub rou t i ne  Mattopo. 
1. The s u r f a c e  l e v e l  a t  e a c h  g r i d  p o i n t  i s  s e t  e q u a l  t o  t h e  l a r g e s t  
s u r f a c e  l e v e l  v a l u e  o f  t h e  su r round ing  g r i d  c e l l s .  In t h i s  way 
one  more c o o r d i n a t e  is  added t o  t h e  x and y  d i r e c t i o n s .  
2. One i s  added t o  e ach  l e v e l .  Su r f ace  l e v e l  h e i g h t  a t  e ach  g r i d  
p o i n t  i s  g iven  a s  D!ATTOP(i,j). T n i s  a r r a y  d e s c r i b e s  t h e  
c o n d i t i o n e d  c o n t o u r  ( s e c t i o n  5.1) and i s  t h e  o u t p u t  o n t o  Tape 50 
( s e c t i o n  2.4) .  
3. Subrou t i ne  Gr i d e s  . 
1. Tie  a r r a y  IGRIDS(i , j  , k )  i s  i n i t i a l l y  e q u a l  t o  -1 f o r  a l l  p o i n t s  
i n  t h e  MATHEW box 
2. Grid d e s c r i p t o r  v a l u e s  a r e  a s s i gned  t o  a l l  p o i n t s  i n  t h e  MATHEW 
box. Grid d e s c r i p t o r  v a l u e s  a r e  a s s i g n e d  a c c o r d i n g  t o  g r i d  
p o i n t s  r e l a t i o n s h i p  t o  s u r f a c e  l e v e l  h e i g h t  o f  n e i g h b o r i n g  g r i d  
ce l l s .  F i r s t ,  g r i d  d e s c r i p t o r s  v a l u e s  a r e  a s s i g n e d  t o  i n t e r i o r  
p o i n t s ,  second t o  x and y open  b o u n d a r i e s ,  t h i r d  t o  t h e  t o p  
l e v e l  and f i n a l l y  t o  KMATTOP. 
4. S u b r o u t i n e  % t u p .  
F o r  e a c h  i n t e r i o r  g r i d  p o s i t i o n ,  t h e  c o e f f i c i e n t s  o f  t h e  
d i f f e r e n t i a l  e q u a t i o n  ( e q u a t i o n  29)  a r e  d e t e r m i n e d  on t h e  b a s i s  
o f  g r i d  d e s c r i p t o r  v a l u e .  The d i f f e r e n t i a l  e q u a t i o n  w i l l  b e  
used t o  c a l c u l a t e  f o r  a l l  i n t e r i o r  g r i d  p o i n t s .  C m b i n i n g  
e q u a t i o n s  27, 28 and 29,  o n e  o b t a i n s  f o r  t h e  x d i r e c t i o n  
where D 
m' $ and E,, a r e  c o n s t a n t s  whose v a l u e s  a r e  b a s e d  on t h e  
s u r r o u n d i n g  e r r a i n  c o n d i t i o n .  Gr id  d e s c r i p t o r  v a l u e s  which 
h a v e  been a s s i g n e d  t o  all i n t e r i o r  g r i d  p o s i t i o n s  d e t e r m i n e  t h e  
v a l u e s  o f  t h e  c o e f f i c i e n t s  Dm, and E, and t h e  v a l u e s  o f  a l l  
c o e f f i c i e n t s  used i n  t h e  above e q u a t i o n .  The L a g r a n g i a n  
m u l t i p l i e r ,  , a t  p o s i t i o n  i + l  might  b e  w r i t t e n  a s  Xi;, o r  
m i g h t  be w r i t t e n  i n  t e r n s  o f  v a l u e s  a t  n e i g h b o r i n g  p o i n t s .  
For  e x a m p l e ,  i f  i n  t h e  x i  d i r e c t i o n  a c l o s e d  bounday e x i s t s  
be tween p o s i t i o n  i and p o s i t i o n  i + l  ( b o t h  on t h e  same l e v e l ) ,  
a t  i + l  w i l l  b e  w r i t t e n  
. 
. A X i  - A, 
A,*, = 3 
T h i s  e q u a t i o n  is  o b t a i n e d  by u s i n g  t h e  f i r s t  backward d i f f e r e n c e  
e q u a t i o n  ( e q u a t i o n  31) w i t h  t h e  knowledge t h a t  6Sx 0 a t  
p o s i t i o n  ( e q u a t i o n  31 > i + l .  For t h e  above  c a s e  ( c a s e  C 3  i n  
Appendix A) Dm = 0, = 2/3 and E, = 2/3. 
5. S u b r o u t i n e  Pl ,~r law.  
T a k e s  i n i t i a l  v e l o c i t y  v a l u e s  and e x p a n d s  t o  a l l  l e v e l s  u s i n g  
powerlaw c o e f f i c i e n t s .  The r e l a t i o n s h i p  u s e d  i s  
where i s  t h e  v e l o c i t y  a t  h e i g h t  z, ' h e  v e l o c i t y  u  i s  
ca l cu l a?ed  f o r  h e i g h t  z us ing  t h e  s h e a r  c d e f f i c i e n t  CY . 
6. Sub rou t i ne  S e t o r i g  . 
1. S e t s  up t h e  r igh t -hand  s i d e  up t h e  d i f f e r e n t i a l  e q u a t i o n  u s ing  
i n t e r p o l a t e d  v e l o c i t y  v a l u e s .  
7. Main program. 
-
Uses Gauss i t e r a t i o n  t e chn ique  and o v e r r e l a x a t i o n  method t o  
s o l v e  f o r  A a t  a l l  i n t e r i o r  g r i d  c e l l s .  The Lagrangian 
m u l t i p l i e r  is  c a l c u l a t e d  by u s ing  equa t i on  2 7  ( s e c t i o n  2.2) A 
f l ow  c h a r t  ( F i g u r e  5 )  f o r  t h e  i t e r a t i o n  p rocedu re  is g iven  on 
t h e  f o l l o w i n g  pages .  ' h e  v a r i a b l e s  uscd a r e :  
1. U-overr e l  ax t ion  f a c t o r  . Af te r  600 i t e r a t i o n s ,  t h e  
o v e r r e l a x t i o n  f a c t o r  changes  f r o 3  1 .78  t o  1 . 0  
2. RCerr-maxirnurn a l l o w a b l e  d i f f e r e n c e  b e t  ween ' A ,  c a l c u l a t e d  
d u r i n g  t h e  nth and nth-1 i t e r a t i o n s  = .002 
3. Maximum number o f  i t e r a t i o n s  = 8000 
4. NOGTERR-counter used t o  f i n d  t h e  ncri~ber o f  g r i d  p o i n t s  a t  
which accu racy  check  f z i l s .  
8. Sub rou t i ne  Setuvw . 
1. S e t s  up f i r s t  p a r t  o f  r ight-hand s i d e  o f  t h e  e q u a t i o n  used t o  
c a l c u l a t e  a d j u s t e d  v e l o c i t y  v a l u e s .  Fron e q u a t i o n  32.  
i s  c a l c u l a t e d  f o r  t h e  x  d i r e c t i o n  and l i k e w i s e  f o r  t h e  y  
d i r e c t i o n  a t  a l l  i n t e r i o r  ' g r i d  p o i n t s .  Note t h a t  f o r  i n t e r i o r  
g r i d  p o i n t s  l o c a t e d  a d j a c e n t  t o  c l o sed  b o u n d a r i e s  t h e  v e l o c i t y  
v a l u e s  a t  t h e  c l o s e d  bounda r i e s  i s  a s s i g n e d  e q u a l  t o  z e ro .  
00 LOOP 
NOGTERR = O 
t 
Write l ter,  Yes 
subrouthe - Rcerr no 
- 
- - L 
- ... 
- PICURE 5.  
P l w  Chart of the  Xathev It+ratioa Procedure . 
9. Subrou t i ne  Ajstuvw. 
C a l c u a t e s  a d j u s t e d  v e l o c i t y  v a l u e s  a t  a l l  g r i d  p o i n t s .  
1. De f ine s  v a r i a b l e s  used i n  ad jus tment  e q u a t i o n .  (Equa t i ons  21, 
22 and 23). 
2. C a l c u l a t e s  v a l u e s  f o r  c l o s e d  bounda r i e s  a d j a c e n t  t o  i n t e r i o r  
p o i n t s .  Method o f  c a l c u l a i n g  X v a l u e s  i s  based on g r i d  
d e s c r i p t o r  v a l u e s  a t  i n t e r i o r  g r i d  p o i n t s .  
3. C a l c u l a t e s  a d j u s t e d  v e l o c i t y  v a l u e s  a t  a l l  i n t e r i o r  g r i d  p o i n t s .  
ax 4. C a l c l u a t e  /sn on edge  p o i n t s .  S ince  edge  p o i n t s  c o n s i d e r e d  a r e  
o n l y  t h e  open o n e s ,  = 0 a t  t h e s e  p o i n t s .  Values  a r e  
c a l c u l a t e d  on x  = 1 ,  x = M ,  y  = 1 ,  y  = N and z = L. 
5. C a l c u l a t e s  a d j u s t e d  v e l o c i t y  v a l u e s  on edge p o i n t s .  
6. C a l c u l a t e  1 v a l u e s  a t  p o s i t i o n  o f  i n t e r e s t  on topography .  Re  
d iagram below i l l u s t r a t e s  exanp l e s  where i i s  t h e  p o s i t i o n  o f  
i n t e r e s t .  Note t h a t  on t h e  
topography ,  t h e  boundary i s  
always c o n s i d e r e d  t o  be  c l o s e d  
i n  t h e  z d i r e c t i o n  b u t  may b e  
open i n  t h e  x and y  d i r e c t i o n .  
C a l c u l a t e  X v a l u e s  a t  g r i d  
p o i n t s  n e i g h b o r i n g  t h e  p o s i t i o n  
o f  i n t e r e s t  on topography .  
I f  a  ne ighbo r ing  g r i d  
p o i n t ,  a ,  h a s  t h e  same 
t o p o g r a p h i c  l e v e l ,  t h e n  t h e  
ne ighbo r ing  p o i n t  i s  
c o n s i d e r e d  t o  be  c l o s e d  i n  
t h e  z d i r e c t i o n  and open i n  
t h e  x o r  y  d ' i r e c t i o n .  In 
t h i s  way i s  c a l c u l a t e d  
from t h e  c o n d i t i o n  t h a t  
e q u a l s  z e r o  t h e r e .  
If n e i g h b o r i n g  g r i d  p o i n t ,  
b ,  i s  a s s i g n e d  a  h i g h e r  
l e v e l ,  t h e n  t h e  ne ighbo r ing  
g r i d  p o i n t  i s  c l o s e d  i n  t h e  
x o r  y  d i r e c t i o n  and t h e  
v a l u e  i s  c a l c u l a t e d  i n  
dX t e r m s  o f  - = 0. 
. &  
3. I f  n e i g h b o r i n g  g r i d  p o i n t ,  
c ,  i s  a s s i g n e d  a lower  t opog raph i c  l e v e l  t h e  p o s i t i o n  i s  
t h e n  an i n t e r i o r  g r i d  p o i n t  and boundary c o n d i t i o n s  need n o t  
be a p p l i e d .  
8. C a l c u l a t e  a d j u s t e d  v e l o c i t y  v a l u e s  a t  topography .  
2.4 TOPOGRAFHY CONDITIOMIMG 
- 
The means by which topography i s  condidt ioned is  examined. A l l  
topographica l  information is  a v a i l a b l e  f r m  the  U. S. Geological Survey 
Dig i t a l  Terra in  Tape. After having determined the  a r e a  i n  q u e s t i o n ,  
t e r r a i n  he igh t  ( f t )  l e v e l s  a r e  given for  each ass igned x  and y  p o s i t i o n  
i n  the MATHEW box. (See Figure 1. ) The d i g i t a l  t e r r a i n  t ape  u s e s  a  
spacing of 63.4 m between each x and y  g r id  p o s i t i o n .  In t h i s  way, t h e  
d e l t a  x  and d e l t a  y  va lues  given b y  t he  MATHE;,' g r i d  s t r u c t u r e  must be 
m u l t i p l e s  of  63.4 3. Input parameters ,  H, N ,  L ,  d e l t a  x and d e l t a  y  a r e  
a l l  determined with r e s p e c t  t o  the  s i z e  of  the  a r e a  i n  q u e s t i o n ,  t h e  
he igh t  of  the  f i r s t  i n v e r s i o n  l a y e r  (assumed approximately equa l  t o  550 
m )  and the  maximum number o f  bloclts allowed i n  the MATHEW box. It i s  
noted t h a t  some v a r i a b i l i t y  e x i s t s  here.  For example, choosing a  l a r g e  
d e l t a  x  and d e l t a  y t o  account f o r  a  smal ler  d e l t a  z va lue  is  one o f  t h e  
many o p t i o n s  a v a i l a b l e  t o  the  use r .  These o p t i o n s  a r e  explored i n  t h e  
form of t e s t s .  
Figure 6 shows the  a c t u a l  topography of  an a r e a  i n  P r ince ton ,  
Massachusetts.  Although t h e  topography has been d r a w  free-hand, it 
shows t o  s c a l e  approximately t h e  contours  o f  the  chosen a r e a .  In t h e  z 
d i r e c t i o n ,  t h e  d i s t a n c e  from sea  l e v e l  i s  giver] i n  f t  and i n  t h e  x and y  
d i r e c t i o n s  a s s o c i a t e d  d i g i t a l  t e r r a i n  tape  d e s c r i p t o r s  f o r  Massachuset ts  
a r e  l i s t e d .  One u n i t  equa l s  63.4 m .  The area  shown in  t h e  f i g u r e s  
d isp layed is the  most south-west corner  of the a r e a  i n  ques t ion  f o r  a l l  
Princeton runs .  The f i g u r e s  presented h e r e  a r e  used a s  an a id  t o  
demonstrate how topography i s  condit ioned in  the  MATHEW model. Input  


p a r a m e t e r s  d e s c r i b e d  h e r e  co r r e spond  t o  t h o s e  g iven  f o r  a c t u a l  r u n s  a s  
nay be s een  i n  Tab l e  3 ,  t h e  Inpu t  Parameter  Summary S h e e t .  
F i g u r e  7 d i s p l a y s  t h e  d i g i t a l  t e r r a i n  t a p e  i n t e r p r e t a t i o n  o f  t h e  
g iven  topography .  The d i e i t a l  t e r r a i n  t a p e  g i v e s  i n t e g e r  v a l u e s  f o r  a l l  
h e i g h t s  s o  t h a t  t h e  minimum d i f f e r e n c e  i n  h e i g h t  l e v e l s  g iven  f r o 3  t h e  
t a p e  e q u a l s  one f t .  F i g u r e  7 shows a  r e s o l u t i o n  o f  t e n  f e e t  s i n c e  h e i g h t  
l e v e l s  t a k e n  from t h e  t e r r a i n  t a p e  have been rounded o f f .  Al though t h e  
con tou r  d rawing  does  n o t  p r e c i s e l y  d i s p l a y  t e r r a i n  t a p e  v a l u e s ,  t h e  
r e p r e s e n t a i o n  is a c c u r a t e .  Topographic  i n fo rma t ion  i s  t aken  from t h e  
d i g i t a l  t e r r a i n  t a p e  and s t o r e d  i n  Tape 45. Contour p l o t s  o f  Tape 45 a r e  
l a b e l e d  " t e r r a i n  con tour"  ( s e c t i o n  4.1).  ( I t  shou ld  b e  no t ed  h e r e  t h a t  
i n  s e c t i o n  2.3 a  d e t a i l e d  f l ow  c h a r t  l i s t i n g  a l l  programs and t a p e s  is 
g iven .  
The topography  is t h e n  averaged  i n t o  double  w id th  g r i d  c e l l s .  In  
t h i s  way, f o r  a s s i g n e d  i n p u t  paramete r  ( a s  i s  used  i n  t h e  PRINC2 t h r u  
PRINCg r u n s )  d e l t a  x  = 190.2 m and d e l t a  y  = 317. m ( F i g u r e  8 ) .  One 
t o p o g r a p h i c  l e v e l  h e i g h t  from Tape 48 is averaged from 60 g r i d  p o s i t i o n s  
from t h e  d i g i t a l  t e r r a i n  t a p e .  Contour p l o t s  o f  Tape 48 a r e  t i t l e d  
" Inpu t  Contourtf  s i n c e  t h i s  i n f o r m a t i o n  is  i n p u t  i n t o  t h e  MATHE11 program 
( s e c t i o n  4 .1 ) .  If t h e  d e l t a  x and d e l t a  y  i n p u t  p a r a m e t e r s  a r e  a s s i g n e d  
( a s  i n  t h e  PRINCl r u n )  e q u a l  t o  443.8 and 697.4 m r e s p e c t i v e l y ,  ( F i g u r e  
9 ) .  t h e n  a s s i g n e d  l e v e l  h e i g h t  on Tape 48 is  ave raged  from 308 g r i d  
p o s i t i o n s  from t h e  d i g i t a l  t e r r a i n  t a p e .  Grid  l e v e l  h e i g h t  v a l u e s  a r e  
t h e n  e n t e r e d  i n t o  t h e  MATHEW program where more c o n d i t i o n i n g  is 
performed . 
Next,  h e i g h t s  a s s o c i a t e d  w i th  each  g r i d  c e l l  a r e  l e v e l e d  o r  rounded 


off t o  correspond t o  a predetermined l e v e l  h e i g h t .  Level h e i g h t s  
i n c r e a s e  from 1 to  L and are s e p a r a t e d  by a  d i s t a n c e  o f  d e l t a  z .  In  t h i s  
way i f  d e l t a  z is as s igned  equal  t o  50  m and a  t e r r a i n  h e i 3 h t  a t  a  g iven  
g r i d  p o s i t i o n  equals  328 f t ,  t h e  t e r r a i n  he igh t  l e v e l  a s s igned  t o  t h a t  
grid p o s i t i o n  f t  2. A l l  h e i g h t  l e v e l s  a r e  s t o r e d  on Tape 51. Then, 
MATHEW looks a t  h e i g h t  l e v e l s  ass igned  t o  g r i d  c e l l s  on Tape 51. For 
each g r i d  c e l l  the h e i g h t  l e v e l s  a t  a l l  sur rounding  g r i d  c e l l s  a r e  
observed and the l a r g e s t  ne ighbor ing  l e v e l  h e i g h t  v a l u e  i s  a s s i g n e d  t o  
t h a t  c e l l ,  Tape 50 c o n t a i n s  t h e  new g r i d  l e v e l  h e i g h t s .  Contour p l o t s  
of Tape 53 a r e  t i t l e d  llConditioned Contourn. During t h i s  p r o c e s s ,  tile 
oontour of the  e n t i r e  a r e a  may be e f f e c t i v e l y  s h i f t e d .  For a d e t a i l e d  
doaumentetion of t h e  c o n d i t i o n i n g  procedure,  s e e  Appendix A.  The 
glenditioned contour is now a c c e p t a b l e  t o  t h e  a lgo r i thm of  YATHEY. F igu re  
18 shows t h e  s a n t d u r  p l o t  of  Tape 50 which i s  d e r i v e d  f r o n  i n f o r q a t i m  
l h e w  i n  F igure  8. Del ta  z e q u a l s  50 m a s  is  used i n  t h e  ?RI:1C2 run.  
Fiaupe 11 shows t h e  contour  p l o t  of  Tape 50 which is de r ived  from 
the Tape 48 diagram shown i n  F igu re  8. In t h i s  c a s e ,  however, d e l t a  z 
e q u a l s  54,3 ni (as  is  used i n  PRINC3 t h r u  PRINC3 r u n s ) .  F igu re  12 shoifs 
' f ~ l p ~  50 derived from Tape 48 o f  F igu re  9. In  t h i s  c a s e ,  (as i n  PRINC1) 
delta % 3 25 M *  
'fh@ MATHPA model u ses  t opograph ica l  in format ion  from Tape 50 t o  
08kabIish baundary c o n d i t i o n s  and d e r i v e  c o n s t a n t s  used i n  t h e  e l l i p t i c a l  
p ~ f t i a l  d i f f e r e n t i a l  equa t ion  ( equa t ion  29) .  When comparing Figure  10 
b h ~ d  Figure 1.2 drawings t o  F i g u r e  6 it can be seen t h a t  a l l  v e r s i o n s  of 
eonditie~ed t8pograPhY seen  t o  n e g l e c t  smal l  g r a d i e n t s  i n  h e i g h t .  By 




l a r g e  a r e a .  Ey choos ing  a l a r g e  d e l t a  z, g r a d i e n t s  i n  topography  w i l l  b e  
l a r g e  and cccur a b r u p t l y .  T e s t i n g  r e s u l t s  g iven  i n  Chap t s r  I7 g i v e  
f u r t h e r  i n s i g h t  t o  t o p o g r a p h i c a l  c o n d i t i o n i n g .  
CHAPTER I11 
TESTING PROCEDURZ 
3.1 PROGRAM UTILIZATION 
I n  o r d e r  t o  u s e  t i le  UTHFd program, two t a s k s  must be c l e a r l y  
unders tood .  These a r e  d a t a  a q l ~ i s i t i o n  ( i . e .  t h e  a q i l i s i t i o n  o f  
t o p o g r a p h i c  i n fo rma t ion  from d i g i t a l  t e r r a i n  t a p e  z n d  t he  a g u i s i t i o n  o f  
i n p u t  v e l o c i t y  v a l u e s  f o r  a s s o c i a t e d  s i t e s )  and p r D g r z n  i r n p l e ~ 3 n t ~ a t i o n .  
A f l o w  c h a r t  o u t l i n i n g  program u t i l i z a t i o n  t;zsks I be I on t h e  
f o l l o w i n g  page.  ( F i g u r e  13) The f l ow  c h a r t  seen  he re ,  w i t h  minor e d i t  
changes ,  d u p l i c a t e s  t h a t  i n  Mari lyn P e l o s i l s  C191 p r o j e c t  r e p o r t .  
Because t h e  s u b j e c t  o f  he r  work i s  a n o t h e r  ve r s i on  of t h e  :4ATkiE'd p r o g r a a  
deve loped  by  Mario Estoque o f  t h e  U n i v e r s i t y  of l . l i~ i .n i ,  t h e  r e a d e r  may 
r e f e r  t o  he r  t h e s i s  ( pages  79-99) f o r  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  d a t a  
a q u i s i t i o n  procedure .  The d a t a  t o  be aqu i r ed  is d e s c r i b e d  below. 
1. Topographica l  i n f o r n a t i o n  f o r  t h e  s i t e  i s  t a k e n  from a d i g i t a l  
--- .-- 
t e r r a i n  t a p e  o b t a i n e d  from t h e  N a t i o n a l  C a r t i o g r a p h i c  
I n fo rma t ion  Cente r  i n  Reston,  V i r g i n i a .  
2. Time i n t e r v a l :  Wind speeds  and d i r e c t i o n s  a r e  obse rved  and 
recorded  c o n c u r r e n t l y  a t  a l l  l o c a t i o n s  f o r  c a n s e c u t i v e  15 second 
i n t e r v a l s  u s i n g  one minute  p e r i o d s  I n  Princ.2ton and f i v e  rniri~lte 
p e r i o d s  i n  Windsor. The v e c t o r s  a r e  a v e r a ~ s d  ove r  t h e  a s s i g n e d  
t i m e  pe r i od  nnrl t h e  most r e p r e s e n t a t i v e  t ic ie  p e r i o d  i s  chosen a s  
i n p u t  d a t a  f o r  MATHEW. 
3. Data s t a t i o n s :  There  a r e  t o  be f i v e  d a t a  s t , n t i o n  f o r  e ach  s i t e ,  
t o  be e ~ e n l p d i s ~ e r s e d  over  t h e  M A T H E X  a r e a .  Data s t a t i o n s  a r e  
$0 be l o c a t e d  i n  c l e a r  a r e a s  s o  t h a t  \.rind t u r b u l e n c e  due  t o  
t r e e s  is minimized. 
Determine Exact Boundaries , 
S e l e c t  Data, Determine S i t e  




C o l l  e c t  Wind Speed D i g i t a l  S e l e c t  P o i n t s  
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FIGURE 13. Prograrn.Utilization of Mathew 
4. Shear p r o f i l e :  Wind speed and d i r e c t i o n  a r e  recorded a t  a  
s p e c i f i c  l o c a t i o n  f o r  four  t o  f i v e  d i f f e r e n t  h e i g h t s ,  evenly  
spaced a t  approximately one hundred f t  a p a r t .  i3ecordings a r e  
taken a t  f i f t e e n  second i n t e r v a l s  f o r  the  a l l o t t e d  time p e r i o d s  
given above. This i s  done t h r e e  t imes.  Average v e l o c i t y  v a l u e s  
may be c a l c u l a t e d  f o r  each averaged h e i s h t .  
A Data S t a t i o n  Summary Sheet  f o r  Princeton and Windsor may be found 
i n  Appendix C .  Because t h e  Estoque version of MATHEW d i f f e r s  from t h e  
Lawrence Liverxore Labora to r i e s  vers ion  used her? ,  program implementation 
d i f f e r s  and is  desc r ibed  i n  Appendix B. 
In Appendix B may be found a l i s t i n g  of a l l  programs used ,  a  flow 
c h a r t  d e f i n i n g  t h e i r  i n t e r r e l a t i o n s h i p  and a sckedule of e d i t i n g  
procedures r equ i red  f o r  implementing a  s p a c i 4 i e  YATHEW run.  It is noted 
t h a t  a  major po r t ion  of e d i t i n g  procedurs l i s t i n g s  a r e  t h e  r e s u l t  of  tile 
independent work of Marilyn P e l o s i  . 
3.2 TEST CLASSIFICATION 
-
For each  o f  t h e  two s i t e s  chosen ,  (Windsor and P r i n c e t o n ,  Mass.) ,  t h e  
14ATHEW program is run  a  v a r i e t y  o f  t i m e s .  S p e c i f i e d  i n p u t  i n f o r m a t i o n  
f o r  e a c h  run  is  v a r i e d  i n  accordance  w i th  t e s t s  l i s t e d  below. I n p u t  
p a r a m e t e r s  ( d e l t a  x ,  d e l t a  y ,  etc.)  a r e  v i s u a l l y  d i s p l a y e d  i n  F i g u r e  1.  
These tests which a r e  de s igned  t o  i n v e s t i g a t e  geome t r i c  d a t a  and s t o r a g e  
space  c o n s t r a i n t s  a r e  c a t a g o r i z e d  below. 
T e s t  I: r e d u c e  t h e  MATHFti a r e a  i n  two s t a g e s .  D e l t a  x ,  d e l t a  y  and 
-- 
d e l t a  z a r e  t h e  s a n e  f o r  each  b u t  M and N change.  
T e s t  11: The MATHEW a r e a  i s  t h e  same f o r  a l l  r u n s .  Delta x  and 
--
d e l t a  y  a r e  t h e  same b u t  d e l t a  z changes .  L is v a r i e d .  The 
i n p u t  v e l o c i t y  f i e l d  is t h e  same. 
T e s t  111: The MATHEW a r e a  is t h e  same f o r  a l l  r uns .  De l t a  x  and 
-- 
d e l t a  y  change b u t  d e l t a  z remains  t h e  same. M and N a r e  
v a r i e d .  The i n p u t  v e l o c i t y  f i e l d  i s  t h e  same. 
T e s t  I V :  The MATHEW a r e a  is t h e  same f o r  a l l  r u n s .  D e l t a  x ,  d e l t a  
--
y and d e l t a  z change c o r r e s o n d i n g l y  a s  M ,  N and L a r e  v a r i e d .  
The i n p u t  v e l o c i t y  f i e l d  is  t h e  same. 
T e s t  V: The MATHEW a r e a  is t h e  same f o r  a l l  r u n s .  D e l t a  x ,  d e l t a  y  
--
and d e l t a  z a r e  t h e  same. M ,  N and L  a r e  t h e  same. The 
number o f  d a t a  s t a t i o n s  s p e c i f y i n g  v e l o c i t y  v e c t o r s  i s  
changed. In t h i s  way, t h e  i n p u t  o r  i n t e r p o l a t e d  v e l o c i t y  
f i e l d  d i f f e r s  f o r  each r u n .  F i r s t  one d a t a  s ta t ion  i s  
d e l e t e d ,  t h ~ n  two, e t c .  u n t i l  t h e  program i s  run wi th  on ly  
one d a t a  s t a t i o n  v e l o c i t y  va lue .  
The Test  C l a s s i f i c a t i o n  Summary Chart (Table 1) which fo l lows  
demonst ra tes  how each t e s t  ca tagory  compares changes i n  inpu t  parameters  
and thereby a f f e c t s  i n p ~ t  informat ion .  
TABLE 1. T e s t  C l a s s i f i c a t i o n  Sumnary T a b l e  
- 
T e s t  Compares Changes  i n  
3 . 3  EXAMINATION 
MATHEW t e s t  r e s u l t s  a r e  ana ly sed  v i s u a l l y  and m a t h e m a t i c a l l y .  I n  
t h i s  s e c t i o n  v i s u a l  and mathemat ica l  a n a l y s e s  a r e  d e f i n e d .  The 
Examination Procedure  Sumnary Tab l e ,  Table  2, is a l s o  g iven  t o  
demons t r a t e  how r e s u l t s  from each  t e s t  c a t a g o r y  a r e  examined. 
V i s u a l  a n a l y s i s  e n t a i l s  comparing con tou r s  and i s o t a c h  c u r v e s .  For 
each  run  made, t h e  f o l l o w i n g  p l o t s  may be produced: 
1. Contour p l o t  o f  t h e  MATHEW a r e a  ( t a k e n  from d i g i t a l  t e r r a i n  t a p e  
i n f o r m a t i o n ) .  
2. Contour p l o t  o f  t o p o g r a p h i c  i n fo rma t ion  i n p u t  t o  t h e  MATHEW 
program. 
3. Contour p l o t  o f  Tape 51 used i n  t h e  a l g o r i t h m  of MATHEW ( s e c t i o n  
2.4). 
4. Contour p l o t  o f  mATTOP a r r a y  ( s e c t i o n  2 .2) .  T h i s  i s  a  p l o t  o f  
t h e  f i n a l  i n t e r p r e t a t i o n  t o  topograpphy used by MATHEW t o  t o  
d e f i n e  boundary c o n d i t i o n s  i n  s o l v i n g  f o r  a d j u s t e d  wind f i e l d s .  
5. I s o t a c h  p l o t  o f  i n t e r p o l a t e d  wind f i e l d  a t  50 and 100 n above 
ground.  
6. I s o t a c h  p l o t  o f  a d j u s t e d  wind f i e l d  a t  50  and 100 m above ground 
l e v e l .  
V i s u a l  compar i sons  may b e  made between: 
1. Adjus ted  v e l o c i t y  f i e l d s  and t h e  i n t e r p o l a t e d  v e l o c i t y  f i e l d s  
f o r  e ach  MATHEW r u n .  
2. Adjus ted  v e l o c i t y  f i e l d s  produced from s e v e r a l  MATHEW r u n s .  
3. Adjusted v e l o c i t y  f i e l d s  and co r r e spond ing  t e r r a i n  c o n t o u r s .  
V e l o c i t y  f i e l d s  a r e  m a t h e m a t i c a l l y  ana lysed  i n  t h r e e  ways: 
1. C a l c u l a t e  a d j u s t e d  s h e a r  c o e f f i c i e n t ,  (2. 
2. C a l c u l a t e  v e l o c i t y  d i f f e r e n c e s  between i n t e r p o l a t e d  and a d j u s t e d  
v e l o c i t y  v a l u e s .  
3. C a l c u l a t e  v e l o c i t y  d i f f e r e n c e s  between a d j u s t e d  v e l o c i t y  v a l u e s  
produced from two d i f f e r e n t  r u n s .  
The a d j u s t e d  s h e a r  c o e f f i c i e n t  i s  s i m p l y  t h e  c u r v e  f i t  powerlaw wind 
s h e a r  exponen t  ( e q u a t i o n  41 ) f o r  a d j u s t e d  v e l o c i t y  v a l u e s  a t  a l l  l e v e l s  
above ground f o r  one  s p e c i f i e d  g r i d  p o i n t .  The a d j u s t e d  s h e a r  
c o e f f i c i e n t  i s  c a l c u l a t e d  f o r  e v e r y  g r i d  p o s i t i o n  i n  t h e  MATHEW a r e a .  
The minimum v a l u e ,  maximum v a l u e  and averaged  v a l u e  o f  may t h e n  b e  
g i v e n  f o r  e a c h  r u n .  
For e a c h  l e v e l  h e i g h t  above g r o u n d ,  t h e  d i f f e r e n c e  i n  t h e  m a g n i t u d e  
o f  i n p u t  and o u t p u t  v e l o c i t y  v e c t o r s  i s  found f o r  e v e r y  g r i d  p o s i t i o n .  
The rnaximutn d i f f e r e n c e  and t h e  minimum d i f f e r e n c e  a r e  d e t e r m i n e d .  A l s o ,  
t h e  URMS o f  t h e  root-mean-square v e l o c i t y  d i f f e r e n c e  is  a l s o  g i v e n .  It 
is  d e f i n e d  a s  
where 
u -magni tude  o f  a d j u s t e d  v e l o c i t y  v e c t o r  
u o - m a g n i t u d e  o f  t h e  i n t e r p o l a t e d  v e l o c i t y  v e c t o r  
n  -number o f  g r i d  p o s i t i o n s  a t  t h e  s p e c i f i e d  above ground l e v e l  
A g r a p h  ( F i g u r e  112) which shows how t h e  maximum d i f f e r e n c e  (UMAX), 

t h e  minimum d i f f e r e n c e  (UMIN) and t h e  URMS v a l u e s  v a r y  w i t h  h e i g h t  a;,,:-,re 
g round  l e v e l  may be  o b t a i n e d .  S e e  s e c t i o n  5.1.1. For  e a c h  I.:ATHS! r g n ,  
URMS v a l u e s  f o r  t h e  f i r s t  f i v e  l e v e l s  above ground a r e  o b t a i n e d .  5 0 3  
t h e s e  v a l u e s ,  t h e  minimum URMS v a l u e ,  t h e  maxinun URMS v a l u e  an4 tke 
a v e r a g e d  URMS v a l u e  i s  g i v e n .  ( T a b l e  5 )  
In  t h e  same way a d j u s t e d  v e l c i t y  v a l u e s  o b t a i n e d  f rom r u n s  u s e d  i n  
t h e  same t e s t .  c a t a g o r y  may b e  compared and s i m i l a r l y  URXS v a i u k s  
c a l c u l a t e d .  An i s o t a c h  c u r v e  which  p l o t s  v e l o c i t y  d i f f e r e n c e  v z l u e s  f o r  
e a c h  g r i d  p o s i t i o n  a t  s p e c i f i e d  a b o v e  ground l e v e l  p o s i t i o n s  m s - 4  h e  
a q u i r e d  (See  F i g u r e  11 1 i n  s e c t i o n  5 .6 . )  The URNS v a l u e s  f o r  le ; . - l s  
c o r r e s p o n d i n g  t o  5 0  m above g round  a r e  p r e s e n t e d  f o r  e a c h  s e t  o f  run:  t o  
which  t h e y  a p p l y .  
T a b l e  2 t e l l s  which  o f  t h e  a f o r e m e n t i o n e d  a n a l y i s  t e c h n i q u z s  2p;jl:: t o  
e a c h  t e s t  c a t a g o r y .  
O b s e r v a t i o n  o f  s o l u t i o n  t e c h n i q u e  v a r i a b l e s  ( i . e .  t h e  Lagrn;l;ian 
m u l t i p l i e r  v a l u e  and  v a l u e s  o f  t h e  d i v e r g e n c e  o f  i n t e r p o l 2 k e d  v e l r ~ c i t y  
f i e l d s  d u r i n g  t h e i r  c o m p u t a t i o n a l  p r o g r e s s i o n )  a r e  i n t r . r r n i t t c . ; ~ t l y  
examined t o  m o n i t o r  t r e n d s  i n  t h e  i t e r a t i o n  a l g o r i t h m .  Q ~ a l i t c t . j v e  
o b s e r v a t i o n s  o f  t h e  t r e n d s  n o t e d  d u r i n g  i t e r a t i o n  p r o c e d u r r  a d  d u r i n g  
c a l c u l a t i o n  o f  a d j u s t e d  v e l o c i t y  v a l u e s  g i v e n  i n  s e c t i o n  5.1.2. 
CHAPTER I V  
APPLICATION 
4.1 OVERVIEW 
The MATHEW model i s  a p p l i e d  t o  si tes i n  Windsor and P r i n c e t o n ,  
Massachuse t t s .  In t h i s  c h a p t e r  each  of t h e  f i v e  t e s t s  d e s c r i b e d  i n  
s e c t i o n  3.2 a r e  a p p l i e d  and examined i n d i v i d u a l l y .  A t o t a l  o f  s even teen  
MATiiE'd r u n s  a r e  performed,  n i n e  of  which a r e  a p p l i e d  t o  P r ince ton  and 
e i g h t  t o  Windsor. With each run i s  a s s o c i a t e d  s p e c i f i e d  i n p u t  pa rame te r s  
and i n p u t  i n f o r m a t i o n .  Because of t h e  abundance of  i n fo rma t ion  r e q u i r e d  
f o r  and produced by s o  many MATHEW r u n s ,  a  s chema t i za t i on  of  al-1 MATHEW 
runs  p r e c l u d e s  i n d i v i d u a l  tes t  d e s c r i p t i o n .  
Contour p l o t s  of t h e  a r e a s  o f  i n t e r e s t  f o r  P r ince ton  and Windsor may 
be seen  i n  F i g u r e s  63 and 1 4  r e s p e c t i v e l y .  Input  d a t a  f o r  t h e  s i t e s  h a s  
been aqu i r ed  i n  accordance  wi th  t h e  g u i d e l i n e s  given i n  Marilyn P e l o s i ' s  
t h e s i s .  Wind speed magnitudes and d i r e c t i o n s  a r e  o b t a i n e d  f o r  f i v e  
l o c a t i o n s  o r  d a t a  s t a t i o n s  a t  each s i t e .  Appendix C r e c o r d s  t h e  wind 
v e l o c i t y  v e c t o r s  chosen zs  i n p u t  t o  MATHEW, t h e  h e i g h t  a t  which wind 
speed was measured, t h e  l o c a t i o n  of d a t a  s t a t i o n s  i n  t e rms  o f  d i g i t a l  
t e r r a i n  t a p e  c o o r d i n a t e s ,  t h e  g r i d  c o o r d i n a t e s  of MATHEW and a s s o c i a t e d  
wind s h e a r  c o e f f i c i e n t s  f o r  both P r ince ton  and Windsor. United S t a t e s  
Geologica l  Survey Topography maps a r e  a l s o  given.  Data s t a t i o n s  a r e  
numbered one t o  f i v e  and a r e  l o c a t e d  on a l l  p l o t s .  
MATHEW t e s t  r u n s  a r e  t i t l e d  c h r o n o l o g i c a l l y  and i n  t e r m s  o f  t h e i r  
s i t e .  lr, way t h e  f i r s t  run made f o r  Pr ince ton  is  c a l l e d  PRINC1, t h e  
second P?.L!dC2, e t c . ,  and t h o s e  f o r  Windsor a r e  t i t l e d  WIN1, WIN2, e t c .  
An i n p u t p p a r a m e t e r  s u m a r y  s h e e t  f o r  a l l  runs. may be  found on t h e  
f o l l o w i ~ . :  p5ge. (Table  3 )  The s i z e  of  t h e  a r ea  i n  q u e s t i o n ,  d e l t a  x ,  
d e l t a  y ,  d z l t a  z ,  M, R ,  and L a r e  g iven .  See F igu re  1. The t o t a l  n u ~ b e r  
of  g r i d  c e l l s  i s  s imply M x N x L and is  cons ide red  when examining 
CI 
s t o r a g e  ?pace l i m i t a t i o n s .  The r a t i o  -' is t h e  r a t i o  o f  we igh t s  i n  
a2 
equat io! .  "5. A s  nay be seen from t h e  t a b l e ,  f o r  r u n s  PRINC3 t o  PRINC9 
a l l  geor::2ric i n p u t  parameters  a r e  e q u i v a l e n t  b u t  wind speed in fo rma t ion  
S ince  t e s t s  conpare  r u n s  cor responding  t o  d e s i g n a t e d  i n p u t  
in format - i sn  ( s e e  Tes t  C l a s s i f i c a t i o n  Summary C h a r t ) ,  some r u n s  performed 
a r e  used i n  more t han  one t e s t  c a t ago ry .  A summary o f  t e s t s  and 
correspc::i ing r u n s  i s  g iven  i n  Table  4. 
~ 1 - -  is",l 1; ,g of  t h e  p o t e n t i a l  p l o t s  produced from a MATHEW run  is g iven  
i n  s e c t !  c.2 3.3. The manner by which p l o t s  a r e  t i t l e d  i s  d e s c r i b e d .  A l l  
p l o t  t i ' ~ l e s  a r e  i n i t a l l y  i d e n t i f i e d  by t h e  a s s o c i a t e d  run name. Contour 
p l o t s  of t h s  a r e a  i n  q u e s t i o n  whose topographic  i n fo rma t ion  i s  d e r i v e d  
d i r e c t l y  from t h e  d i g i t a l  t e r r a i n  t a p e  a r e  given t h e  t i t l e  "Te r r a in  
Contour1' .  Contour p l o t s  which r e p r e s e n t  topographic  i n fo rma t ion  i n p u t  
i n t o  14ATIIF;..! a r e  e n t i t l e d  !!Input Contour1! ( i . e .  Tape 48 i n  s e c t i o n  2.4) 
The f i c2 . l  v e r s i o n  o f  t h e  topography have p l o t s  t i t l e d  "Condi t ioned  
Contourn.  Tape 51 ( s e c t i o n  2.4)  which s t o r e s  " l eve l ed  off1! h e i g h t  v a l u e s  
i s  an i n t e r n c d i a t e  r e c o r d i n g  of  i n fo rma t ion  between t h e  i n p u t  i n fo rma t ion  
(Tape 4 3 )  2nd t h e  f i n a l  v e r s i o n  o f  cond i t i oned  topography (Tape 50 )  used 
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Tape 5 0  p l o t s  a r e  v e r y  s i m i l a r ,  a l l  c o n t o u r  p l o t s  of Tape 51 need n o t  be  
p r e s e n t e d .  However, i n  Appendix D, one nay f i n d  p l o t s  of Tape 51 f o r  
!fIN1 and PRINC1. A s  may be o b s e r v e d  from comparing p l o t s ,  t h e  p r o c e s s  o f  
c i loosing t h e  l a r g e s t  su r r :~u t~( I - ing  g r i d  c e l l  essenl; i ; j l l -y s h i f t s  t h e  l a r g e  
t o p p o g r a p h i c  g r a d i e n t .  See  Appendix A f o r  more d e t a i l .  
I s o t a c h  p l o t s  d e s c r i b i n g  i n i t a l  two d i m e n s i o n a l  v e l o c i t y  f i e l d s  a r e  
e n t i t l e d  " I n t e r p l o t a t e d  V e l o c i t y  a t  50 ( o r  100) mn and p l o t s  d e s c r i b i n g  
t h e  t h r e , ~  dimerls ional  o u t p u t  f i e l d s  ar,p s i r a i l - a r l y  e n t i t l e d  " A d j u s t e j  
V e l o c i t y  a t  50 ( o r  100)  m n .  Two-dimensional p l o t s  (which n e g l e c t  t h e  w 
v e l o c i t y  component)of  a d j u s t e d  v e l o c i t y  f i e l d s  f o r  WIN1 and P R I N C I  nay  3c 
found i n  Appendix D. S i n c e  t h e y  c l o s e l y  resemble  t h e  t h r e e - d i m e n s i o n a l  
o u t p u t s ,  t h e y  a r e  p r e s e n t e d  f o r  WIN1 and PRINC1 r u n s  o n l y .  A l l  i s o t a c h  
p l o t s  a r e  p r e s e n t e d  f o r  two l e v e l s  above ground ( u s u a l l y  t h e  f i r s t  and 
second)  s i n c e  a d j u s t e d  wind f l o w  p a t t e r n s  f o r  e a c h  l e v e l  a p p e a r  t o  be  
q u i t e  d i f f e r e n t .  an a l l  p l o t s ,  t h e  x  and y a x e s  a r e  a s s i g n e d  d i g i t a l  
t e r r a i n  t a p e  c o o r d i n a t e s  ( a  one  u n i t  change r e p r e s e n t s  03.4  m). 
For e a c h  t e s t ,  i n p u t  i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  c o r r e s p o n d i n g  
MATHEW r u n  is r z v i e w e d ,  a l l  p l o t s  a r e  p r e s e n t e d  and o b s e r v a t i o n s  on 
t r e n d s  and i n s i g h t s  o b t a i n e d  from v i s u a l  a n a l y s i s  a r e  g i v e n .  
4.2 TEST I 
-- 
I n  T e s t  I, t h e  MATHEW a r e a  of i n t e r e s t  is r?;lllced i n  two s t a g e s .  
T n i s  t e s t  may be d i v i d e d  i n t o  two p a r t s .  In t h e  f i r s t  p a r t ,  r u n s  f o r  
YATHDf a r e a s  o f  6 .83  kro2 ( F i s u r a  14)  and 12.9 km2 ( F i g u r e  15)  a r e  
2  compared and i n  t h e  second p a r t  r u n s  f o r  t h e  :4J.THEY a r e a  o f  6 .83  km and 
f o r  an  a r e a  f o u r  t i m e s  i ts  s i z e  ( 2 9 . 1  kn2)  ( F i g u r e  16)  a r e  compared.  For 
b o t h  p a r t s ,  r u n s  compared a r e  d i v i d e d  i n t o  b l o c k s  w i t h  t h e  same g r i d  s i z e  
( i - e .  d e l t a  x ,  d e l t a  y  and d e l t a  z a r e  t h e  ssme) and t h e  same i n p u t  d a t a  
(wind v e l s c i t y  v e c t o r s  and s h e a r  c o e f f i z i e n t s ) .  The t e s t  i s  d e s i g n e d  t o  
compare t h e  e f f e c t  o f  c h a n g i n g  t h e  d a t a  s t a t i o n  d e n s i t y  ( t h e  number o f  
d a t a  s t a t i o n s  p e r  u n i t  a r e a ) .  I d e a l l y ,  cne woul-d e x p e c t  t h a t  a d j u s t e d  
v e l o c i t y  v a l u e s  c a l c u l a t e d  f o r  t h e  s m a l l e r  a r e a s  w i l l  d u p l i c a t e  a d j u s t e d  
v e l o c i t y  f i e l d s  f o r  t h e  l a r g e r  a r e a s  i n  t h e  l o c a l e  of t h e  s m a l l e r  l1ATHE:J 
a r e a .  
One may s e e  from F i g u r e  14 which silows t h e  t e r r a i n  c o n t o u r  of  
Windsor ,  Mass., t h a t  ' t h e  a r e a  p r e s e n t e d  c o v e r s  t h e  minimum amount of 
space r e q u i r e d  t o  c o n t a i n  a l l  f i v e  d a t z  s t a t i o n s .  The t o p o g r a p h i c  
i n f o r m a t i o n  r e p r e s e n t e d  by t h i s  p l o t  is used f o r  r u n s  WIN4 ( p a r t  1 )  and 
iiIN6 ( p a r t  2). In F i g u r e s  15 and 16,  t h e  d a t a  s t a t i o n  d e n s i t y  i s  one 
h a l f  and one q u a r t e r  a s  l a r g e ,  r e s p e c t i v e l y ,  a s  f o r  F i g u r e  14. In  b o t h  
t h e  l a r g e r  t e r r a i n  c o n t o u r s ,  t h e  e n c l o s e d  s m a l l e r  M A T H F A  a r e a  i s  shokn .  
I n  t h e  f i r s t  pay?; OF t h i s  t e s t ,  t h e  two te .3 t  r u g s  2o:ngared a r e  WIN4 
and WIN7. For b o t h  r u n s ,  d e l t a  x = d e l t a  y = 190.2 m and d e l t a  z  = 50 rn. 
F i g u r e s  17 and 18 r e p r e s e n t  t o p o g r a p i ~ i c  i n f o r m a t i o n  i n p u t  f o r  WIN4 and 
VIN7 r u n s  r e s p e c t i v e l y .  By comparing t h e s e  p l o t s  t o  t e r r a i n  c o n t o u r s ,  
FIGURE 14. 
RZN3-Terrain Contour 
WIN7-Terrain Con t o u r  
FIGURE 16. 
- WIN8-Tsrrain- Contour 
WIN4-Input Contour 
FIGURE 18. 
WIN?-Input Con t o u r  
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one nay se61 ?,;i-~t :,;I? t .):)o3raphy h a s  been srno~tiie:: 'oil: i s  none- the - less  a  
r e c o g n i z a b l e  r e p l i c a  o f  t h e  a r e a .  Data s t a t i o n s  1  and  3 iril;.ch a r c  
l o c a t e d  a t  h i l l  t o p s  may s t i l l  be i d e n t i f i e d  a s  1ocztec-l a t  t h e  h i g h e s t  
p o s i t i o n s  i n  t h e  a r e a .  F i g r e  17 and t h e  s m a l l e r  a r e a  o~~?,l.ined i n  F i g u r e  
18 o b v i o u s l y  d e s c r i b e  t h e  same a r e a  and d i f f e r  i n  a>pc?r?nce  from e a c h  
o t h e r  o n l y  s l i g h t l y .  I n  t h e  a r e a  which s u r r o u n d s  s i t e  3 ( ' J indsor  H i l l )  
d e t a i l s  o f  t h e  c o n t o u r  p a t t e r n  a r e  seen  t o  d i f f e r .  
F i g u r e s  19  and 20 g i v e  c o n t o d r  p l o t s  o f  t h e  c o 3 d i t i o n e d  t o ! ) ~ g r a p h y  
f o r  WIN4 and WIN7 r u n s  r e s p e c t i v e l y .  These p l o t s  m a r k  t h e  t r a n s i t i o n  
from t o p o g r a p h i c  h e i g h t s  t o  l e v e l s .  By c o m p a r l r ~ ~  F ig l l re  19 t o  t h e  
s m a l l e r  a r e a  i n  F i g u r e  20,  one  can see s'lig'r-it d i f f e r e n c e  i n  t h e  
t o p o g r a p h i c  g r a d i e n t  l i n e s  p a t t e r n  a l t h o u g h  o v e r a l l  t h e y  conform well 
w i t h  each  o t h e r .  To t h e  s o u t h  o f  s i t e  3 i n  F i ~ u r  19,  one i s  g i v e n  a  
-9 h i n t  ,f t h e  t o p o g r a p h i c  d r o p  f rom 2'132' t o  1968.7 ' .  .;IF i l e g a t i v e  
y r a d i e n t  i s  s e e n  t o  e x i s t  e a s t  o f  t h e  s m a l l e r  a r e a  o c l l n e d  i n  F i g u r e  20. 
The i n p u t  wind f i e l d s  f o r  WIN4 and WIN7 r u n s  a t  l e v e l  1  above ground 
a r e  g i v e n  by F i g u r e s  21 and 22 r e s p e c t i v e l y  and a t  l e v e l  2 above ground 
by F i g u r e s  25 and  26 r e s p e c t i v e l y .  S i n c e  t h e  magni tudes  o f  wind v e c t o r s  
a r e  c a l c u l a t e d  from a l e a s t - s q u a r e s  i n t e r p o l a t i o n  m e t h d  u s i n g  wind d a t a  
g i v e n  f o r  s t a t i o n s  1 t h r o u g h  5, t h e  c o r r e s p o n d i n g  p l o t s  match p r e c i s e l y .  
F i g u r e s  23  and 24 a r e  i s o t a c h  p l o t s  o f  a d j u s t e d  v e l o c i t y  f i e l d s  a t  
l e v e l  1 above ground f o r  WIN4 and UIN7 r u n s  r e s p e c t i v e l y .  In  t h e  a r e a  
s u r r o u n d i n g  s i t e  5 it may be  s e e n  t h a t  t h e  i s o t a c h  l i n e s  form f i v e  
c o n c e n t r i c  c i r c u l a r  p a t t e r n s .  ; h e n  t h e  l o c a t i o n  cf t h e s e  c i r c u l a r  
p a t t e r n s  i s  compared t o  c o n d i t i o n e d  t o p o g r a p i ~ y  p l o t s  i t  is s e e n  t h a t  
s t e e p  v e l o c i t y  g r a d i e n t s  o c c u r  where s t e e p  topography  g r a d i e n t s  e x i s , t .  
FIGLTFG 19. 
VIN4-Cocditioned Con tour 
FIGURE 20. 
WIN7-Conditioned C o n t o u r  
FIGURE 21. 
WIN3-Interpolated Velocity Field 
at 50. n. Above Ground Level 
WIN7-Interpolated Velocity 




WX7-Adjusced V e l o c i t y  
F i e l d  a t  50. rn. Ab 
Grouqd Level  
ove 
FIGURE 25. 
WIN3-Xntcr-pclated Ve loc i ty  F i e l d  
a t  100. rn. Above Ground Level 
WLT?7-Interpolated 'i7clcci+:;+ 
F i e l d  at 100. m. 2.': c : 
Ground Level 
'-1'197 1)111n?~rir7:: ,:I? l x a t i 3 n s  s f  these f i v e  g r a d i e n t s  on Fiyurct 23 and 2 4 ,  
it i s  seen  t h a t  a l t h o u g h  t h e i r  g e n e r a l  r e l a t i o n s h i p  t o  each  o t h e r  is t h e  
same, i n  F i g u r e  24 t h e  g r a d i e n t s  a r e  weaker. Th i s  is due t o  t h e  f a c t  
t h a t  f o r  t h e  ;IIi17 r u n ,  t h e  p a t t e r n  of  t h e  topograph ic  g r a d i e n t  l i n e s  
which s e p a r a t e  l e v e l  h e i g h t s  e q u a l  t o  1804' and equa l  t o  1968.5' is a l s o  
more widely  s e p a r a t e d  ( F i g u r e  20).  The l a r g e r  d e c l i n e  i n  s u r f a c e  h e i g h t  
seen t o  t h e  west o f  t h e  s m a l l e r  a r e a  I s  cons idered  i n  t h e  WIN7 run and 
a c c o u n t s  f o r  l a r g e r  s p a c i n g  o f  topograph ic  g r a d i e n t  l i n e  p a t t e r n s .  
A t  l e v e l  2 ,  t h e  a d j u s t z d  wind f i e l d s  f o r  7I:i4 and XI47 r u n s  a r e  g iven  
by F i g ~ l r e s  27 and 28 r e s p e c t i v e l y .  S t e e p  v e l o c i t y  g r a d i e n t s  do 7 o t  e x i s t  
he re .  Wind f low p a t t e r n s  su r rounding  s i t e  3 a r e  seen  t o  appear  t o  be 
q u i t e  d i f f e r e n t .  It a p p e a r s  t h a t  i n  F igure  28 t h e  a r e a  f o r  which wind 
speeds  of  14 mph or  g r e a t e r  e x i s t  is rauch l a r g e r  t h a n  i n  F igure  27. 
S ince  tile : / IN7  run c o v e r s  a  l a r g e r  a r e a  than t h e  Ir'IN4 r u n ,  t h e  h i l l s  
e n c o ~ p a s s e d  by  s i t e s  : ; ~ r l : l  3 3rl sze11 1;3 b e  .mr?  is h e l l s  ( F i g u r e  20) and 
no t  a s  p l a t e a u s  ( F i g u r e  19). Because of t h i s ,  t h e  windspet?:ls a r e  
a d j u s t e d  t o  have a  l a r g e r  v a l u e  a t  s i t e  3. 
In p a r t  two of Tes t  I ,  t h e  two r u n s  compared a r e  WIN6 and WIN8. The 
geoynetry o f  t h e  g r i d  b l o c k  s i z e  i s  t h e  same f o r  both  r u n s  ( i . e .  d e l t a  x = 
d e l t a  y = 190.2 rn and d e l t a  z = 50 rn). Inpu t  topography c o n t o u r s  f o r  t h e  
two r u n s  a r e  &iven i n  i n  F i g u r e s  29 and 30. The s m a l l e r  MATHEW a r e a  
shokw i n  F igure  29 i s  o u t l i n e d  i n  F i g u r e  30. Topographic i n f o r m a t i o n  
d e s c r i b i n g  t h e  c o n d i t i o n e d  con tour  is given by F i g u r e s  31 and 32. 
I n t e r p o l a t e d  wind f i e l d s  f o r  WIN6 and WIN8 r u n s  a t  50 n above ground 
a r e  si10i.m i n  F i g u r e s  33 and 3?1 r e s p e c t i v e l y  and a t  100 m above ground i n  
F i g u r e s  37 and 33 respectively. The a d j u s t e d  wind f i e l d s  o u t p u t  from 
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:lIii6 ru3.j 3.1-2 :;hewn a t  50 m abs-;r! eround i n  F igure  35 and a t  100 m above 
ground i n  F igu re  39. For t h e  WIN8 r u n ,  a d j u s t e d  v e l o c i t y  f i e l d s  a r e  
given a t  50 and 100 rn above g r ~ u n d  i n  F igu res  36 and 49 r e s p e c t i v e l y .  
When one compares topogra::l.lic g r a d i e n t  l i n e  p a t t e r n s  i n  F igu res  31 
and 32 one may see t h a t  L?;e l a r g e s t  d i s c r e p e n c i e s  occur  i n  t h e  a r e a  
Setween s i t e  1  and s i t e  5 and I n  t h e  a r e a  t o  t h e  n o r t h  of s i t e  3. I n  
F igu re  31 f o r  t h e  !,iIN6 I ,  a s t e e p  s t e p  from 1804' t o  2132' occu r s  
whereas i n  F igure  19 bet\]-22:; p o s i t i o a s  1 and 5  t h e r e  ex i s ' i s  3n 
i n t e r m e d i a t e  sweepiris plane o r  1968.5' t h a t  i s  channeled between s i t e  5 
( a t  1804')  and s i t e  1 ( a t  213:?!?2. Re fe r r ing  back t o  t h e  t e r r a i n  contour  
shown i n  Figure 16, it-, scerns ";':l^ :t t h e  ilIF! G run c o n d i t i o n s  con tou r s  more 
,d-ji;- i.n topographi ,?  I l e idh t  frorq s i t e  5 t o  s i t e  1  a c c u r a t e l y  s i n c e  t h e  i : 1 ; : 1 - ~ - ~ .  
is i n  r e a l i t y  q u i t e  g r c r i u a l  . 
. , Veloc i ty  a d j u s t a z n t  shox: ~ ; s  c o n s i d e r a t i o n  of cond i t i oned  c o n t o u r s  
i n  F igu res  35 and 36 .  One can s e e  t h a t  f o r  t h e  WIN8 run between s i t e s  5  
and 1 two l o c a l  v e l o c i t y  gradi?:!::s e x i s t  which a r e  no t  shown f o r  t h e  WIN6 
run .  The f i r s t  i s  l o c a t e d  clirc-c:~,ly noiZth cT s i t e  1  and t h e  second t o  t h e  
nor thwes t .  A t  t h e  f i r s t ,  a  rnL!;l.:?,um uind s p c e d  of 8 mph is shown and t h e  
second has a m i n i ~ u ~ i  wind s7ced of 3.5 T I ~ ~ I .  These n e g a t i v e  v e l o c i t y  
g r a d i e n t s  a r e  seen Lo  xis st i n  t h e  1968.5'  p lane  r eg ion  desc r ibed  i n  
F i g u r e  32. S ince  ths Y J I N G  al.gc~riti11a d o z s  no t  expe r i ence  t h e  f l q t  p l a n e  
r eg ion  sueeping betb:sen s i t e s  1 and 5 ,  t h e  i s o t a c h  l i n e s  expe r i ence  a  
more g radua l  t r ans i ' ; l on  f r o n  10.C mph t o  15.5 mph a t  s i t e  1 .  i h e n  
observ ing  t h i s  sanre ared cn %i; ,~re 39 and 40, one may s e e ,  however, t h a t  
t h e  a d j u s t e d  isctcich lines "llow very  much t h e  same p a t t e r n .  It i s  
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smooth p a t t e r n  and t h e  two l o c a l  v e l o c i t y  g r k i L ; ; r ~ t s  d i s a p p e a r .  
In F i g u r e  36,  a  l a r g e  local. v e l o c i t y  g r a 5 i e n t  e x i s t s  norti1 of  s i t e  3 
c o r r e s p o n d i n g  t o  t h e  t o p o g r a p h i c  g r a d i e n t  that i s  shown i n  F i g u r e  32. 
S i n c e  F i g u r e  31 d o e s  n o t  s e e  t h i s  t c p o ~ r a p h y  g r a d i e n t  from 1968.5' t o  
2132'  n o r t h  o f  s i t e  3, t h e  l o c a l  v e l o c i t y  g r ~ d i e n t  is  n o t  s e e n  i n  F i g u r e  
22. A t  100 m above ground i n  F i g u r e  40,  t h e  lo::.il. v e l o c i t y  g r a d i e n t  i s  
more s l i g h t  b u t  s t i l l  e x i s t s  t o  t h e  n o r t h  o f  s i t e  3  whereas  i n  F i g u r e  39, 
t h e  v e l o c i t y  g r3 l : en t  ?:s a g a i n  assuxed  nonexj-s ter , t .  
For bo th  p a r t s  o f  T e s t  I ,  t h e  f o l l o d n g  o b r , e r v a t i o n s  nay be made: 
1. Adjus ted  win11 v e l o c i t i e s  calculat: : . : :  Ti:< t!le s : : ia i ler  a r e a  do  n o t  
d u p l i c a t e  a d j u s t e d  wind v e l o c i t y  va lues  c a l c u l a t e d  f o r  t h e  
' l a rger  a r e a  i;l ',kt i.ocitl.c? o? t h e  srlz23.er a r e a .  However, g r e a t e r  
. l i s c r ? p e n c i e s  a r e  s e e n  on l 3 v z l  1 ?::?r~ on l e v e l  2. 
2. Decreas ing  d a t a  s t a t i o n  c!rnsit.y d o c s  not; a p p e a r  t o  i n h i i > i t  wind 
ad jus tn ien t  c a l c u l a t i o n .  
3. By \ ] s i n g  a l a r g e  MATHE','! a!-?a7, i t  seerls t h a t  t h e  condi'ii.:m? l 
t opography  i n  1 :  I a!.' t i le  s: :al ler  ;.iATi-lZ'd at-t?a ::l.)r -
a c c i ~ r a t e l y  r e p r e s e n t s  a c t u e l  topography ,  For  r u n s  u s i n s  t h e  
. l a r g e  a r e a ,  t o p o g r a p h i c  i p r o v i d e d  f o r  l o c a t i o n s  
n o r t h ,  s o u t h ,  e a s t  and w:?:jlr. o f  tb.2 s c i z l l e r  ;;IATHF..I a r e a  is used 
when t e r r a i n  con to i l r  informt: i .on i s  ziveragz?. 3 e c a u s e  o f  t h i s ,  
i n p u t  c o n t o u r  i n f o r m a t i o n  Tor t h e  l a r g e r  XdTHE'd a r e a  b e t t e r  
d e s c r i b e s  t h e  a c t u a l  conto:! r ;  i t  f c l l . ~ w s  t h a t  t h e  c o n d i t i o n e d  
c o n t o u r  a l s o  b e t t e r  d e s c r i c ; e s  a c t u z l  c o n d i t i o n s .  
4. S i n c e  v e l o c i t y  adjustmen': i s  depcndzn t  on t h e  c ~ n d i t ~ i o n e d  
cont ,our ,  and b e c a u s e  r u n s  u s i r , ~  the l a r g e  IvIATHEW a r e a  p r o v i d e  
conditioned c o n t o u r s  t h a t  more c l o s e l y  a p ? o x i o a t e  a c t u a l  
t o p o g r a p h y ,  one  may c o n a l u d e  th t  a d j u s t e d  v e l o c i t y  f i e l d s  
produced by 'lI;17 and XIN8 r u n s  (which use  t h o  l a r g e  :IIATHE!J a r e a )  
more s t r o n g l y  r e s e l l b l a  a c t u a l  wind T i e l d s .  
4.3  TEST I1 
-- 
I n  T e s t  1 1 ,  t h e  g r i d  b l o c k  h e i g h t  d i m e n s i o n ,  d e l t a  z i s  compared f o r  
two s e p a r a t e  v a l u e s  : i h i l e  a l l  o t h e r  i n p u t  para:fleters a r e  h e l d  c o n s t a n t .  
T h i s  t e s t  is d i v i d e d  i n t o  two p a r t s .  In p a r t  o n e ,  by  comparing '.'I:13 and  
WIN4 r u n s ,  one i s  comparing a  d e l t a  z = 25 n w i t h  a d e l t a  z = 53 11. I r l  
p a r t  two,  t h e  WIN5 run  which u s e s  an i n p u t  d e l t a  z = 12 .5  rn i s  compared 
t o  t h e  V I N 6  run  which u s e s  a d e l t a  z = 50 rn. The t tst  i s  ~ l e s i ~ n e d  t o  
d e t e r m i n e  t h e  e f f e c t  of  chang ing  t h e  g r i d  b l o c k  h e i g h t  l e v e l s  on t h e  
a a l j l ~ 8 s t e d  v e l o c i t y  f i e l . 1 .  
I n  ';he f i r s t  p a r t ,  b o t h  XI143 and WIN4 r u n s  u s e  a n  a r e a  of i n t e r e s t  
shown i n  F i g u r e  1. I n p u t  p a r a m e t e r s  d e l t a  x = d e l t a  y  = 139.4 m ,  M = 1 7 ,  
and iJ = 25 f o r  b o t h  r u n s .  S i n c e  t h e  f i r s t  t e m p e r a t u r e  i n v e r s i o n  l a y e r  i:; 
rjoq.:;;?~:,, v ~ 1 : . 1 ~ s  .3f L = 22  ,311d i, = : 1 -?re g i v e n  a s  i n p u t  t o  MI113 and '.JI:14 
r u n s  r e s p e c t i v e l y .  Tne t e r r a i n  c o n t o u r  and i n p u t  contout-s  a r e  t h e  sarne 
( F i g u r e s  17 and 41) f o r  b o t h  r u n s  s i n c e  t h e  a r e a s ,  M and N v a l u e s  a r c  t h e  
same. Condi t ioned  c o n t o u r  p l o t s  o f  WIN3 and \ / I N 4  r u n s  may be  found i n  
F i g u r e s  4 2  and 19 r e s p e c t i v e l y .  Compariscn o f  t h e s e  two p l o t s  shows t l~s t  
b o t h  p l o t s  a r c  a l i k e  i n  t h e  r e s p e c t  t h a t  an  i n c r e a s e  i n  topography  i s  
shown t o  e x i s t  frcrn t h e  wes t  t o  e a s t .  But i n  F i g u r e  19 t h i s  t r a n s i t i o n  
is s e e n  t o  o c c u r  a b r u p t l y  and o c c u r  o n l y  i n  t h e  s o u t h e r n  h a l f  o f  t h e  a r e a  
d e s c r i b e d .  The WIN3 run.  c o n d i t i o n e d  c o n t o u r  shows t h a t  t h e  e l e v a t i o n  
- i n c r e a s e s  more smoothly  i n  t h e  e a s t e r l y  d i r e c t i o n ,  t h a t  t h e  h i g h e s t  
t o p o g r a p h i c  p o i n t  i s  l o c a t e d  i n  t h e  s o u t h e a s t e r n  p o r t i o n  o f  t h e  a r e a  and 
t h a t  t o p o ~ r a p h y  i n c r e a s e s  i n  t h e  n o r t h  p o r t i o n  a l s o  e x i s t .  The WIN3 
i n t e r p r e t a t i o n  ,.?f t e r r a i n  c o n t o u r  mcre c l o s e l y  a p p r o x i m a t e s  a c t u a l  
FIGURE: 41. 
WIX3-Input. Contour  
FIGURE 42. 
WIN3-Conditioned Contour 
e o f i d i t i o n s  t h a n  t h e  WIN4 i n t e r p r e t a t i o n .  
S i n c e  t h e  i n t e r p o l a t i o n  scheroe ! ~ s e d  t o  d e t e r n i n e  i n p u t  v e l o c i t y  f i e l d  
r e q u i r e s  o n l y  i n p u t  v e l o c i t y  v a l u e s ,  d e l t a  x ,  d e l t a  y ,  f4 and II  i n p u t  
f i e l d s  a r e  t!le same f o r  b o t h  WIN3 and YIN4 r u n s .  For b o t h  r u n s ,  t h e  
i n t e r p o l a t e d  v e l o c i t y  f i e l d  f o r  5 0  and 100 n above ground l e v e l  s a y  be  
been i n  F i g u r e s  21 and 35 r e s p e c t i v e l y .  
F i g u r e  4 3  shows t h e  a d j u s t e d  v e l o c i t y  f i e l d  g i v e n  by t h e  WIN3 r un  a t  
25 m above ground l e v e l ,  o r  t h e  f i r s t  l e v e l  above sri>~in:l. 3ne !qay 
o b s e r v e  t h e  l a r g e  d e n s i t y  o f  l o c a l  wind v e l o c i t y  g r a d i e n t s  i n  t h i s  
d iagram.  S i n c e  l o c a l  i s o t a c h  g r a d i e n t s  o c c u r  where  t u p o g r a p i l i c  g r a d i e n t s  
exis t ,  t h e  abundance o f  l o c a l  g r a d i e n t s  is n o t  s u r p r i s i n g .  It may a l s o  
he n o t e d  t h a t  t h e  magni tude o f  l o c a l  g r a d i e n t s  i s  s m a l l e r  t h a n  g r a d i e n t s  
found  i n  F i g u r e  17 ( a d j u s t e d  v e l o c i t y  f i e l d  a t  50 m above groi:;:d f o r  
V f N 4 )  s i n c e  tile r n a y n i t u d e  o f  t h e  topography  g r a d i e n t s  i s  s m a l l e r .  The 
v e l d c i t y  g r a d i e n t s  shor-.m in F i g u r e  23 a r e  a l s o  l a r g e r  s i n c e  t h i s  wind 
f i e l d  is t w i c e  t h e  h e i g h t  above ground a s  t h e  f i e l d  shoknl i n  Fi.gu:-o 43. 
F i g u r e  44 shows t h e  a d j u s t e d  wind f i e l d  a t  50 rn above ground For- t h e  
WIN3 r u n .  Dramat ic  d i f f e r e n c e s  i n  i s o t a c h  l i n e  p a t t e r n s  a r e  seec x i ~ e n  
eornparing t h i s  f i g u r e  t o  F i g u r e  23. Al though b o t h  o u t p u t  wind f i e l d s  a r e  
fit t h e  sarae: l e v e l  h e i g h t ,  t h e  o u t p u t  v e l o c i t y  f i e l d  a s s o c i a t e d  w i t h  t h e  
WIN3 run  g i v e  a  smooth and c o n t i n u o u s  p a t t e r n ,  w h i l e  t h a t  o u t p u t  by  t h e  
WLl44 r u n  shows a d i s j o i n t e d  a b r u p t  p a t t e r n .  The m a g n i t u d e s  o f  v e l o c i t y  
values a t  s i t e  l o c a t i o n s  a r e  a p p r o x i m a t e l y  t i le same f o r  b o t h  F i g u r e s  44 
arid 23; a t  s i t e  1 o u t p u t  windpeed e q u a l s  15 rnph f o r  b o t h  !{IN3 and  ';!IN4 
runs. A t  s i t e  3 a  wind speed  o f  10 rnph f o r  WIN3 compares w i t h  a  wind 
speed o f  10.5 mph f o r  W I N G .  
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a r e a  between s i t e  5 and 1 i n  F igu re  46 wh i l e  i n  F igu re  27 d i s t a n c e  
betw??n i s o t a c h  c u r v e s  changes  a b r u p t l y .  Areas of  r a p i d  a n d / ~ r  slow win:l 
change a r e  seen i n  F i z u r e  27 whereas  wind change i s  :qore c o n s i s t e n t  i n  
F i g u r e  33. 
I n  p a r t  2 ,  bo th  WIN5 and ;4IN6 r u n s  u se  an a r e a  o f  i n t e r s t  shown i n  
F i g u r e  14. Inpll t  p a r a m e t e r s  d e l t a  x and 3a1.ta y bo th  e q u a l  190.2 m, I4 = 
1 1  and i4 = 17 f o r  both r u n s .  For WIN5 d e l t a  z = 12.5 m and L = 44 and 
f o r  :.iI1!6 d e l t a  z = 50 nl and L = 11. 
The i n p u t  topography  c o n t o u r  f o r  bo th  r u n s  is t h e  same and nay  be 
seen  i n  F i g u r e  29.  The c o n d i t i o n e d  topography f o r  WIN5 is show.? i n  
F igu re  47 and f o r  ;.IIN6 i n  F igu re  111. F i g u r e s  33 and 37 g i v e  i s o t a c h  
p l o t s  o f  t h e  input,  v e l o c i t y  f i e l d  f o r  50 and 130 la above ground 
r e s p 2 c t i v e l y  and may be a p p l i e d  t o  b3 th  1111J5 and UIN6 r u n s .  F i g u r e  48 
and Fiz~l t -e  35 show a d j u s t e d  v e l o c i t y  f i e l d s  a t  50 m above ground l e v e l  
f o r  1.111!5 and W I l ? G  r u n s  r e s p e c t i v e l y .  Adjusted wind v e l o c i t y  f i e l d s  f o r  
IJINS a l ~ d  :!IN6 runs at; 100 m above ground nay be seen i n  F i g u r e s  49 and 39 
r e s p e c t i v e l y .  Tnc d i f f e r e n c e  between a d j u s t e d  v e l o c i t y  v a l u e s  g iven  by 
I and \!IN6 run..; a t  50 m above ground i s  shohn f o r  e ach  g r i d  p o s i t i o n  
on t h e  i s o t a c h  p l o t  s i v e n  i n  F igu re  50. 
By comparing F l s u r e s  48 and F i g u r e  35, one may s e e  t h a t  t h e  a d j u s t e d  
v e l o c i t y  f i e l d s  a t  50 rn above ground g iven  by NIN5 and WIN6 r u n s  appea r  
q u i t e  d i f f e r e n t . ,  e s p e c i a l l y  i n  t h e  a r e a  su r round ing  s i t e  5. T h i s  
o:>servat ion is v e r i f i e d  by F i g u r e  50 which shows t h a t  naxi,?~lrs v e l o c i t y  
r m g n i t ~ i d e  d i f f e r e n c e  o f  2.4 mph, 2.5 myh and 1.7 mp0 occur  i n  t h e  a r e a s  
where l o c a l  v e l o c i t y  g r a d i e n t s  e x i s t  ( F i g u r e  35). The c o n d i t i o n e d  
topography  g iven  by t h e  WIN5 (F igu re  47) run shows a smoother e i t2va t ion  
FIGURE 47. 
WIITO-Condi ti ozed Con t o u r  

WINS--iI,.dj uc;:_:.~ :;elucity F i e l d  
at I.C!i. s* Above C-IOU:-i!:! Level  
FIGURE 50. 
Isotach Difference Between Adjusted Velocity Values outpur frm XIX.5  
and WIN6 Runs at 50. m. Above Ground Level 
i n c r e a s e  from v e s t  t o  e a s t  t h a n  t h a t  g iven  by  t h e  WIN6 run ( F i g u r e  31) .  
In  t h e  a r e a  d e s c r i b e d  by x = 1210 t o  x = 1216 and y = 863 t o  y = 8 9 3 ,  t h e  
d i f f e r e n c e  i n  con tou r  p a t t e r n s  i s  q u i t e  d r ama t i c .  F i g u r e  31 shows a 
r a p i d  e l e v a t i o n  i n c r e a s e  frcin 1804' tq 21 32' i n  t h e  c e n t r a l  p o r t i o n  o f  
this a r e a  wh i l e  F i g u r e  47 shows a g r a d u a l  e l e v a t i o n  i n c r e a s e  f r o n  1804 
t o  1927' t o  1928' t o  2009' i n  t h e  l o c a l c  o f  t h i s  same a r e a .  The a d j u s t e d  
i s o t a c h  cu rve  f o r  t h e  WIfl5 run d e s c r i b e s  a  g r adua l  t r a n s i t i o n  from 8  nph 
t o  14 mph i n  t h e  a r e a  ex'ci.17dj.ng f r o n  s i t e  5 t o  s i t e  1 whi le  t h e  WIN6 run  
shows t h e  t r a s i t i o n  a s  be ing  r a p i d  ?or tht. sa!ne a r e a .  
Again f o r  100 In zbove s round ,  F igu re s  49 and 39 l o o k  ex t remely  
s i m i l a r  wi th  e x c e p t i o n  t o  t h e  a r e a  ws'c o f  s i t e  3. F igu re  50 sho!ars t h i s  
a r e a  a s  be ing  a  l o c a l e  o f  major  dj.ffc!.neces betlaieen a d j u s t e d  wind v a l u e s  
a t  50 rr. abcve ground ,  a:;d it sze!;.,s t h s t  t h e s e  d i f f e r e n c e s  have been 
con t i nued  t o  t h e  nex t  50' l : lnrernent. A poi l i t  t o  no t e  h e r e  i s  t h a t  F i g u r e  
49 ~ c p r e s e n t s  wind velocl'i!r f i e l d s  ~ ' i  thz  e i g h t h  le.~e!. above ground and 
look:; vet-y s i n i l r  tc: t h e  irip:lt, vela-ji;y f i e l d  shosm i n  F i s u r e  37. 11; 
seerris t h a t  becatl:,c- t h e  ~ d j ~ s ' i c d  v o l o z i t y  f i e l d  i s  v e r y  d i s t , a n t  fi-oi,l t h e  
groucci ( i n  t e rms  c.f l e v e l s ; ,  thr-: e f fcc? .s  due t o  topography a r e  cor ls idered 
less s t r o n g l y  and  t h e  o u t p u t  r\ri.i?c?, f i e l d  beg in s  t o  r e s emb le  t h e  i n p u t  
f i e l d  . 
Conclus ions  fr-om both  PSI-ts o f  Test I1 a r e  a s  f o l l o w s :  
1. Using a s m a l l e r  d c l t a  I, v z l u e  a l l o w s  t h e  MATHFA program t o  
in terpre: .  a c t u a l  t e r r a i n  c o n t o u r s  i n  a  more d e t a i l e d  way. P l o t s  
o f  t h e  conditione.:  contou:-s w i th  a s r i a l l e r  d e l t a  z v a l u e  more 
c l o s e 1  y a p p r o x i r n ~ t c  a c t u a l  t c i - r a i n  c o n d i t i o n s  . 
2. S i n c e  v e l o c i t y  ad ju s tmen t  i s  dependent  on t o p o g r a p h i c  
i n f o r m a t i o n  d e s c r i b e d  by t h e  c o n d i t i o n e d  c o n t o u r ,  t h e  a d j u s t e d  
v e l o c i t y  f i e l d s  d e r i v e d  fl-om a more a c c u r a t e  i n t e r p r e t a t i o n  o f  
a c t u a l  t e r r a i n  w i l l  t h e m s e l v e s  more  a c c u r a t e l y  d e s c r i b e  a c t u a l  
c o n d i t i o n s .  
3. A d j u s t e d  v e l o c i t y  f i e l d s  d e s c r i b e d  f o r  t h e  f i r s t  l e v e l  a b o v e  
g round  c o n t a i n  a r e a s  where  h i g h  l o c a l  v e l o c i t y  g r a d i e n t s  e x i s t .  
4 .  A d j u s t e d  v e l o c i t y  f i e l d s  d e s c r i b e d  for s e v e r a l  l e v e l s  a b o v e  
g r o u n d  (i . e .  above  e i g h t )  b e g i n  Lo c l o s e l y  r e s e m b l e  i n t e r p o l a t e d  
v e l o c i t y  f i e l d s  f o r  t h a t  l e v e l .  
4.4 TEST I11 
--
For  a l l  r u n s  used i n  T e s t  111, t h e  1,IIITHEW a r e a  9 i g t e r e s t  i s  t h e  
same. A t e r r a i n  c o n t o u r  p l o t  o f  t h i s  a r e a  i s  sw:? i n  F igu re  14. Grid 
b l o c k  h e i g h t  i s  s e t  e q u a l  to 50 m f o r  a l l  r u n s .  Test 111 compares  t h e  
. ,  . 
e f f e c t  made by  chang ing  d e l t a  x and d e l t a  y  2ri.a 3 l cck  a r z : . - . e t e r s .  Four 
- . , 
r u n s  a r e  examined and compared w i t h  e a c h  o t h e r .  io elirnlr.a-:,e c o n f u s i o n ,  
it  h a s  been d e t e r m i n e d  t h a t  t h e  most  v i a b l e  n s t ! - 5  nor .visi!!,ly examinin~g 
t h e s e  r u n s  i s  t o  compare c o r r e s p o n i n g  p l c t s  froi:i clzc:? run i n d i v i d u a l l y .  
Grid b l o c k  a r e a  f o r  t h e  I J I N 1  run  hr!s a delt :-!  :F = 63.'1 r: a r ~ d  d e l t a  y = 
. d  x = 126. 8 nl 126.8 m, M = 35 and N = 25. A l t e r n a t i v e l y ,  f o ?  ' ' -"^ 
".. 
and d e l t a  y = 63.4 m, I4 = 17 and H = 49. !r-.;: :,:z:;q run  c.1si-l~ d e l t a  x = 
126.8 = d e l t a  y = 126.8 ni,  I! = 17 and :I = 25 c t h e  3 . 1 6  run u s e s  
d e l t a  x = d e l t a  y = 190.2 rn, M = 1 1  2nd 14 = 1 7 .  
I n p u t  contoui-  p l o t s  Cor I.IIN1 and iiIi42 ruris k:,..c: ~horr i i  . F i g u r e s  51 
: ; f L I t ~  'c~i)sg!-;~phi.c: and 52 r e s p e c t , i v e l y  . For W I N 4 ,  t!?? con tcu ;  :!l.:ji; oC ir?..'-
i l ~ f c i - n a t i o n  is g i v e n  by F i g u r e  l'i and f o r  WI::L 1-..: ?ig!;?e 29,  Plc;t:; ;;:!;-en 
. ... by F i g u r e s  17, 51 and 52 a l l  , ;pgtr,r ver':; .--::-.;;:?r. T!! zvei-agi.ng o f  
t e r r a i n  tape  v a l u e s  h a s  l i t t l e  e f f e c t  or! chang j ; . : r  ir.put; i!iforri!af;ior? f o r  
a l l  a r e a s  o f  t h e  p l o k e e x e p t i n g  t!lar. locatc.ri ::;t,';h of s l ' ~ z  3. For t h e  
WIN2 and WIN4 r u n s ,  t h e  height;  a t  2025' cov1.:-s a :iuc'n smsllc-r- a r e a  t h a n  
f o r  t h e  WIN1 run where t h i s  p l a t e a u  c l a i m s  t.l:.-- zs~';hr.iest, !!ortion o f  t h e  
HATHEW a r e a .  312 i n p u t  t o p o g r a p h y  give:? by tk:: :.L1:5 run  appf2ar s s o r : ~ e ~ i i c ; t  
d i f f e r e n t  thougn .  S i n c e  t h e  gric! block arc:: i z.2 i s  r?.ort> t h a n  d o u b l e d  
for t h i s  r u n ,  t o p o g r a p h i c  a v e r a g e s  g i v e  a more ;;eiic:-al r e g r e s e n  t a t i o n  o f  




h i l l t o p s  i s  d i s g u i s e d  i n  F i g u r e  29. For  a l l  p l o t s ,  t h e  rnost prc.rin;nt 
t r e n d  a r e  i d e n t i f i e d ;  g r a d u a l  i n c r e a s e  i n  e l e v a t i o n  from t h e  south;;.?s', t o  
t h e  e a s t  and n o r t h e a s t  i s  s een  i n  a l l  f i g u r e s .  
P l o t s  d e s c r i b i n g  c o n d i t i o n e d  con tou r  i n f o r ~ a t i o n  f o r  WI!J 1 and '.I i:12 
r u n s  a r e  g iven  by  F i g u r e s  53 and 54 r e s p e c t i - l e l y .  Al though t h e y  b o t h  
show t h e  same o v e r a l l  t r e n d ,  d e t a i l s  o f  t h e  p l o t s  d i f f e r  inmencel;'. In 
F i g u r e  17 con tour  l i n e s  d e s c r i b i n g  t h e  e l e v a t i o r ,  i n c r e a s e  frorr; 1963.  5' t o  
2132' a r e  examined. The p a t t e r n  o f  t h e s e  c o n t o ~ r  l i n e s  de sc r i ' ; ) e s  2 z1_-3p 
r i s e  e q u a l  t o  63.4 '  and a s t e p  run equa l  t o  125 .8 ' .  For t h e  W I N 1  : - ; i ~ ,  a 
s t e p  p a t t e r n  i s  a l s o  d e s c r i b e d  ( F i g a r e  53). The r i s e  e q u a l s  125.5'  arid 
t h e  run d i s t a n c e  e q u a l s  63.4 ' .  Tne legnt:.ks o f  t h e  r i se  2r.f: r u n  
c b r r e s p .  nd t o  g r i d  s q u a r e  d imens ions .  It i s  no icd  t h a t  fo!- bcjth 7' :-,! :, a:; 
e q u i v a l e n t  arnount o f  r i g h t  a n g l e s  d e f i n i n g  t ,kn s t - ?p  pat,te-i?.; a:-<: ' : szr . : .  
S i n c e  b o t h  d e l t a  j: and d e l t a  y  a r e  s m a i l ,  I1 and 3 a r e  r e l a t i v ? l y  ::->: sr, 
t h a t  t h e r e  e x i s t s  a g r e a t e r  l i k e l i h o c d  t h a t  rncre c c r n e r s  \.:ill ZPC.;;: . .  
I n v e r s l y ,  t h e  l a r g e r  t h e  g r i d  ciiir:ensions ( F l z u r e  31 ) .  t k ; ?  f -  t h e  
number o f  c o r n e r s  a r e  d e s ~ r i b e d .  For  t h e  %IN5 run, condiJ~: .oned ::,.;.;ol~r 
p l o t  shows l i t t l e  d e t a i l  a s  t o  where e l e v a t i o n  g r a d i e n t s  occui-. Xi:, 2.:; :u 
be no t ed  h e r e  t h a t  \*?IN4 and WIN2 c o n d i t i o n e d  c o ~ : t o u r s  ( F i g u r e s  19 ~ r . ~ . ;  ; ! I  1 
loo':< v e r y  s i m i l a r  e x c e p t ,  a s  t o  b e  e x p e c t e d ,  t h e  'dI?I4 p l o t  (Fig:;;-- 1 9 )  
h a s  fewer r i g h t  a n g l e  t ~ . l r n s  i n  t h e  cont,our l i r ? e  p a t t e r n .  Agzin,  LC! :;he 
~ o u t h  o f  s i t e  3 bo th  WIN2 and WIN4 c o n d i t i o n e d  c z n t o u r  ( F i g u r e s  54 and 
19)  p l o t s  show a s m a l l e r  z r e a  where e l e v a t i o n  d e c r e a s e s  occtir  b:'.:i.!.e t h e  
WIN1 p l o t  ( F i g u r e  53) shorjs t h e  lower e leva t i .on  e x t e n d i n g  ?!;i-ther 
Southward.  It a p p e a r s  t h a t  t h e  WIN1 conditionei:! c o n t o w  p?oL (Fi,-!.:r lc 53)  
thost c l o s e l y  app rox ima te s  a c t u a l  c o n d i t i o n s  ( F i e u r e  143. Regar-di::,: t!?e 
FIGURE: 53.  
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WINl-Con.di tioned Con roar 
WN2-Concli t i o n e d  Contour  
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other t h r e e  p l o t s ,  i t  may b e  s t a t e d  t h a t  t h e  WIN4 p l o t  ( F i g u r e  19)  g i v e s  
a more  d e t a i l e d  v e r s i o n  o f  t h e  WIN6 p l o t  ( F i g u r e  31) and t h e  WIN2 p l o t  
(F igure  54 )  g i v e s  a  more  d e t a i l e d  v e r s i o n  o f  t h e  WIN4 p l o t .  
A t  50 m above  g round  l e v e l  t h e  i n p u t  v e l o c i t y  f i e l d s  f o r  IjIN1, ldIr.12 
and WIN4 r u n s  a r e  g i v e n  b y  F i g u r e s  55, 56 and 21 r e s p e c t i v e l y .  S i n c e  t h e  
l e a s t - s q u a r e s  method i n t e r p o l a t i o n  scheme u s e s  t h e  d e l t a  x and d e l t a  y 
p a r a m e t e r s ,  t h e  t h r e e  f i g u r e s  a l l  l o o k  q u i t e  d i f f e r e n t .  The same inpr!!; 
v e l o c i t i e s  a t  e a c h  dnt;a s t a t i o n  a r e  used  f o r  a l l  L h r e e  r u n s .  S i n c e  WI?I'l 
uses a d e l t a  y e q u a l  +A t w i c e  i t s  d e l t a  x v a l u e ,  t h e  i n p u t  f i e l d  a p p e a r s  
s t r e t c h e d  i n  t h e  y  d i . r e c t i o n .  The i n p u t  f i e l d  a s s o c i a t e d  w i t h  t h e  \./IN2 
r u n  a p p e a r s  s t r e t c h e d  i n  t h e  x d i r e c t i o n  s i n c e  i t  u s e s  a  d e l t a  x vaLt~rj  
e q u a l  t o  t w i c e  i t s  d e l t a  y  v a l u e .  F i g u r e  21, t h o u g h ,  s i n c e  it u s e s  a 
d e l t a  x v a l u e  whic11 e q u a l s  i ts  cielLa y v a l u e ,  i s  a compromise  ' o e t b / ~ : ; . i i  
F i g u r e  55 and F i g u r e  56. F i g u r e s  33 which shows t h e  i n p u t  f i e l d  used  Yo:- 
t h e  WIli6 run  a l m o s t  dup1 ic . a t i . s  t h a t  g i v e n  b y  Figar -e  8. F c r  t h e  W i W C .  
p l o t ,  d e l t a  x e q u a l s  d e l t a  y .  The iJIN4 and WIN6 i n p u t  f i e l d s  ~ i . v e :  a rnoi.5 
acceptable i n t e r p r e t a t i o n  o f  a c t u a l  wind f i e l d s .  
Fcr e a c h  r u n ,  at, 100 m a b o ~ e  g round  l e v e l ,  i n t e r g l o a t e d  l i i n d  f i e l d :  
d u p l i c a t e  t r e n d s  s e e n  f o r  p l o t s  a t  50 m above  g round  1.c.vel.  Tk:?; 
m a g n i t u d e s  o f  c o r r e s p o n d i n g  i s o t a c h  c u r v e s  i s  c a l c u l a t e d  usir , ;  a she:!: 
c o e f f i c i e n t  e q u a l  t o  . 4 .  P l o t s  f o r  WIK1 and WIN2 a r e  g i .ven  i n  F i z u r e s  57 
a n d  58 r e s p e c t i v e l y .  For WIN4 and WIN6 r u n s ,  p l o t s  may b e  s e e n  i ! ~  
F i g u r e s  25 and 39 r e s p e c t i v e l y .  
A d j u s t e d  v e l o c i t y  f i e l d s  o u t p u t  from WIN5 and NIN6 r u n s  a t  T O  m a b o v e  
g round  l e v e l  a r e  shorn i n  F i g u r e s  2 3  a n d  35 r e s p e c t i v e l y .  The number oT 
l o c a l  v e l o c i t y  g r a d i e n t s  c a l c u l a t e d  from t h e  WIN4 r u n  is g r e a t e r  thz:, 
FISURE 5 5 .  
WIN1-InterpoLated V e l o c i t y  F i e l d  
a t  50. m. Above Ground Levei  
FIGURE 56. 
WIN2- In te rpo la t ed  Ve loc i ty  F i e l d  






ac 100, r;:. Xbo~re  Grocnd L e v e l  
FIGURE 58. 
WIN2-Interpolzted V e l o c i t y  F i e l d  
at 100. m. Above Ground L e v e l  
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that c a l c u l a t e d  from t h e  WIN6 r u n .  S i n c e  v e l o c i t y  g r a d i e n t s  occu r  on t h c  
first l e v e l  above ground a t  p o s i t i o n s  where con tou r  l i n e s  a r e  a t  r . i gh t  
angl.es t o  each  o t h e r ,  i t  f o l l o w s  t h a t  more l o c a l  g r a d i e n t s  e x i s t  i n  t h e  
o u t p u t  f r o n  t h e  VIN4 run  t han  from t h e  WIN6 run. I t  i s  no ted  t h a t  t h e  
area covered  by  l o c a l  v e l o c i t y  g r a d i e n t s  i s  always p r o p o r t i o n a l  to g r i d  
area . A t  t h e  l o c a t i o n s  where major  d i s c r e p e n c i e s  e x i s t  br-t~;eci~, 
c o n d i t i o n e d  con tour  p l o t s  ( F i g u r e s  19 and 31 ) , e s p e c i a l l y  s o u t h  o f  s i t e  3 
and between s i t e s  1  and 5, major  d i s c r e p e n c i e s  a l s o  e x i s t  Se tueen  th.2 
o u t ; p ~ t  v e l o c i t y  f i e l d s  ( F i g u r e s  23 and 3 5 ) .  South o f  s i t e  3,  t h e  \ / L i i i . i  
r u n  p r e d i c t s  a l o c a l  v e l o c i t y  g r a d i e n t  ( F i g u r e  23) a t  t h e  p o s i t i o n  i./l-i-:re 
a d e c r e a s e  i n  e l e v a t i o n  e x i s t s  ( F i g u r e  191, w h i l e  t h e  WIi.i6 run preclici;:j a 
smooth t r a n s i t i o n  ( F i g u r e  35) s i n c e  i t  s e e s  a f l a t  s u r f a c e  ( F i g u r e  3 i ) .  
For WIN4, a choppy, d i s j o i n t e d  wind speed t r a ~ l s i t i o n  is  shokn ( F i g u r e  23) 
from s i t e s  5 t o  1 wh i l e  WIN6 d i s p l a y s  a smooth b u t  s k e p  wind si:-.ed 
increase ( F i g u r e  35).  S i n c e  i n p u t  v e l o c i t . i e s  f o r  b o t h  r u n s  a r e  t h e  :.isr,~ 
atrd s i n c e  c o n d i t i o n e d  con tou r  p l o t s  shov  t h e  same t r e n d s ,  adjuc.:;cd 
v e l o c i t y  f i e l d s  g i v e  t h e  same g e n e r a l  informat iot? .  
R e  adjcr';ed v e l o c i t y  f i e l d  p rov ided  by t h e  $!IN2 run  i.3 sholb::! i.n 
F i g u r e  60. Th i s  p l o t  most c l o s c l y  r e szmb le s  F i g u r e  23. Tor- b o t h  p l o t s ,  
tile l o c a t i o n s  o f  Loca l  v e l o c j - t y  g r a d i e n t s  i s  a p p r o x i n z t e l y  t h e  s z ! . ~ .  
since i n p u t  f i e l d s  f o r  WIN2 ( F i g u r e  5 6 )  ma W I N 4  ( F i g u r e  21 r u n s  difye: . ,  
t h e  o v e r a l l  t r c n d s  shown by bo th  p l o t s  d i f f e r .  In F i g u r e  23 ,  nor t ! ,  c ; l  
B i t e  1 t h e  10 mph i s o t a c h  l i n e  e x t e n d s  f a r t h e r  n o r t h  t han  'i,:~? 
QBPPesponding 10 mph i s o t a c h  l i n e  shown n o r t h  o f  s i t e  1  i n  Figur-e 6C1. 
F i g u r e  59 shows t h e  o u t p u t  wind f i e l d  froin t h e  WIN1 r u n .  \?kl ~~1 
e m p a r i n g  t h i s  p l o t  t o  t h a t  g iven  by t h e  WIN2 t u n  ( F i g u r e  6 0 )  oiie s??:.; 
\JI:;l-.ld j us t e d  '<elocitI)r F<cl d 
at 50. TI.  Above G r o u n i  Le~:cl 
FIGURE 60. 
WIN2-Ad j ~ l s  t e d  V e l o c i t y  F i e l d  
a t  50. m. Above Ground L e v e l  
t h a t  t h e  d e n s i t y  o f  l c c 2 l  v e l o c i t y  g r a d i e n t s  i s  e q u i v a l e n t  f o r  b o t h  r u n s .  
Grid a r e a s  used f o r  50 th  rLins a r e  a l s o  e q u a l .  The two p l o t s ,  however 
l o o k  v e r y  d i f f e r e n t .  T;?e a r e a  l o c a t e d  to t h e  s o u t h  o f  s i t e  3 i s  no t ed  t o  
demons t r a t e  t h i s  d i f f e r s ? c - ? .  F i g u r e  59 shows a  l a r g e  n e g a t i v e  v e l o c i t y  
g r a d i e n t  which c o r r e s p o n d s  t o  t h e  e l e v a t i o n  d e c r e a s e  from 2132'  t o  
1968.5' ( F i g u r e  53) fo r  Lt:e SIIN1 ru?. For t h e  \/IN2 r u n  o n l y  a  sma l l  
l o c a l  v e l o c i t y  51-adi,c:r:t e x i s t s  ( F i g u r e  6 0 )  s i n c e  t h e  a r e a  i s  assumed 
most:ljr f l a t  ( F i g u r e  5 4 ) .  .Trj t h e  n c r t h e r n  h a l f  o f  t h e  a r e a  i n  q u e s t i o n ,  
f o r  F igu re  5 9 ,  i s o t a c h  l i n e s  d e f i n i n g  v e l o c i t y  g r a d i e n t s  e x i s t , ,  whe rea s  
wind v e l o c i t y  ma.:nituSc i.; shorln t o  b e  c o n s t a n t  f o r  a n a j o r  p o r t i o n  o f  
t h e  s a i d  a r e a  i F ; ! . x  6 By r e f e r r i n g  to  t he  i n p u t  v e l o c i t y  p l o t s ,  
one  rnay t r a c e  t . i i ~  exi:.i;?:-::c o f  i s o t a c h  l i n e s  shown f o r  HIN1 ( F i g u r e  59) 
back  t o  i ts o:-is5.n (F:g,-.-:. 55) .  S i m i l a r l y ,  oSs?rvance  o f  F i g u r e  56  show 
that; t h e  norther-:; por'ti:;;. a r  t h e  i4Al'9n! a r e a  i s  o r i g i n a l l y  assuned  f l a t  
f o r  1.,rI?J2. 
' h e  outplat; i r c ioc i t j '  i"i.e!.ds g iven  by WIN4 (F igu re  27) and WING ( F i g u r e  
39)  r u n s  appea r  v e r y  s < n ! i l a r  a t  100 n abcve ground l e v e l .  S i n c e  l o c a l  
veloci ' iy  graa.:cri ts I a t  thz second l e v e l  above g round ,  
d i s c r epeno r i c s  duc, t o  con::.ocr d c t e i l s  a r e  l e s s  proininent he r e .  F i g u r e s  61 
and 62 s l ~ o w  ad jusked vc!.cci%y f i e l d s  o:.!tput from WIN 1 and WIN2 r u n s  
r e s p e c t i v e l y .  A g a i n ,  tkLc: a r e a  s o u t 5  o f  s i t e  3 shows t h a t  major  
d i f f e r e n c e s  i n  n o t  o n l y  !..-inci speed g r s d i e n t  t r e n d s  b u t  a l s o  wind speed 
magni tudes  exi:.?.. Th2sn ciifInerences a r e  born from major  c o n t r a s t s  shcwn 
i n  F i g u r e s  59 and 60. I:i t h e  c e n t r a l  p r o t i o n  of  t h e  MATHFd a r e a  between 
x = 1216 and x = 1223 acd  y = 860 and y  = 890, t h e  two p l o t s  o b v i o u s l y  




WIN1-Adjusted Velocity F i e l d  
at 100. m. Above Ground L e v e l  

c o n s t a n t  a t  12 mph ( F i g u r e  6 2 )  buL b t -  WIN1 w i n d  speed v a l u e s  r a n g e  from 
1 4  t o  18 mph. h e  nay n g t e  th;.,:, this a r e a  i s  t h e  maximum d i s t a n c e  away 
from al.1 d a t a  s t a t i o n s  ar.d t h e r e b j  1:; s t r o n g l y  a f f e c t e d  by d i f f e r e n c e s  i n  
t h e  i n t e r p o l a t i o n  a l g o r i t i , ~ ~  (Fi;~*-.t: 37 and 58) . 
Conclus ions  made from T e s t  ili r u n s  a r e  a s  f o l l o w s :  
1. Chanzing d e l t a  r. and dc'  )I g r i d  'clock p a r a m e t e r s  changes  t h e  
way M.ITHF,.I i n t e r p : - c t s  t o p - > i - ? p i ~ y .  Tnc srnal ler  t h e  g r i d  b l o c k  
v a l u e ,  t h e  more d e t a i i .  2s t o  exzc t l j r  where t e r r a i n  g r a d i e n t s  
e x i s t  i s  g i v e n .  By usir.:; z l a r g e r  d e l t a  x and d e l t a  y  v a l u e ,  
t h e  g e n e r a l  t o p o ~ r a p h l c  t re tx!s  a r e  r e co rded  b u t  d e t a i l s  a r e  
o m i t t e d .  
2. Changing d e l t a  >: 2nd (!.i:; y v a l u = s  changes  t h e  means by which 
i n p u t  d a t a  i s  ir: terpol.a t :z i l ,  Using a  d e l t a  x v a l u e  which i s  
l a r g e r  than  d e l t a  y ';c:n,:s t o  str-et,::h t h e  f i e l d  i n  t h e  x 
d i r e c t i c . n  and v i s s  verss . ,  T'ne use cf' e q u i v a l e n t  d e l t a  x and 
d e l t a  y  v a l u e s  g i v e s  : n o r e  evr i? ly  d i s p e r s e d  i n p u t  v e l o c i t y  
schernz. 
3. The s ina l le r  t h e  delt:. : and d e l t a  y  v a l u e ,  t h e  more l o c a l  
v e l o c i t y  g r a d i e t l t , ~  i.ii1.i c.::i.:;i- on t h ?  f i r s t  l e v e l  above ground .  
4. Since  v e l o c i t y  ad just:iirri'i. depends o;? ; lo t  on1 y t h e  c o n d i t i o n e d  
con tou r  b u t  a l s o  t h e  i n ~ c t  velccI.Ly f i e l d ,  f o r  t h e  rnost 
r e a l i s t i c  outpui; i t  j n :.i;ggested t haL  t h e  d e l t a  x and d e l t a  y 
n o t  o n l y  be s m a l l  ( s o  t k t  t e r r a i n  g r a d i e n t s  l o c a t i o n s  a r e  
d e t a i l e d )  but  ?!.so be c:!u;l.l (since? i n p u t  f i e l d s  shou ld  show an 
even d i s p e r s i o n  o f  v e l c z i t y  v a l u s s ) .  
4.5 TEST IV 
-- 
T e s t  I V  compares  two r u n s ,  PRINC1 and PRIHC2 f o r  t h e  M A T H F A  a r e a  o f  
i n t e r e s t  o u t l i n e d  i n  F i g u r e  63. F i g u r e  64 shows a l a r g e r ,  l e s s  d e t a i l e d  
t e r r a i n  con tou r  p l o t  o f  t h e  I4hTHEd a r e a  used.  In T e s t  IV, by  comparing 
two r u n s  w i th  d i f f e r e n t  g r i d  b lock  volumes ( n o t  o n l y  d e l t a  x and d e l t a  y 
b u t  a l s o  d e l t a  z i s  changed ) ,  t h e  means b y  which t h e  MATHTW prog~-zrn 
i n t e r p r e t s  i n p u t  d a t a  v i a  i n p u t  pa r ame te r s  i s  examined. E s s e n t i a l l y ,  
T e s t  I V  combines Tes t  I1 and T e s t  I11 t o  show t h e  comple te  e f f e c t  o f  g r i d  
b l o c k  g r m e t r y  changes .  PRINC1 which u s e s  a  d e l t a  x = 443.8 rn, d e l t a  j r  = 
697.4 m and d e l t a  z = 2 5  m w i th  M, N and L v a l u e s  e q u a l  t o  11,  11 a n d  22 
r e s p e c t i v e l y .  The PRINC2 run u s e s  d e l t a  x = 190.2 n, d e l t a  y  = 317. m 
and d e l t a  z = 50 n! w i th  M ,  N and L = 25, 25 and 11 r e s p e c t i v e l y .  
I n p u t  t opog raph i c  i n f o m . a t i o n  f o r  PRill!C 1 i s  shown i n  F i g u r e  65 ani i  
f o r  PRINC2 i n  F i g u r e  66. The t e r r a i n  con tour  p l o t  shows that t h e  :l:l'iF!ES! 
a r e a  h a s  a g e n t l y  s l o p i n g  v a l l e y  s t r e t c h i n g  frcm t h e  n o r t h x e s t  ( a t  1000'!  
wi th  d e c r e a s i n g  e l e v a t i o n  t owards  t h e  s o u t h e a s t  ( a t  8 0 0 ' ) .  1.2 t h e  
sou thwes t  an ave r age  ground l e v e l  h e i g h t  o f  1100' e x i s t s .  The topogrs;.\:-;) 
d e c r e a s e s  t o  a v a l u e  o f  9 0 0 '  i n  t h e  v a l l e y  and then r i s e s  t o  1200 '  i t 1  t h e  
n o r t h e a s t  d i r e c t i o n .  The h i g h e s t  t e r r a i n  p o i n t  i s  l o c a t e d  a t  a  h i l l  t o p  
i n  t h e  n o r t h e a s t  s e c t o r  o f  t h e  MATHEM a r e a .  F igu re  65 shows t h a t  a  g r e z t  
d e a l  o f  averag ing  h a s  occured .  In f a c t  f o r  every  M A T H E N  g r i d  a r e a ,  308 
d i g i t a l  t e r r a i n  t a p e  p o i n t s  have  been used .  The s i z e  o f  t h e  h igh<?s t  
topped h i l l  h a s  been made d i s p r o p o r t i o n a l l y  l a r g e  wh i l e  t h e  800'  p l a t e a u  
i n  t h e  s o u t h e a s t  h a s  been v i r t u a l l y  n e g l e c t e d .  O v e r a l l ,  however ,  t h e  






FIGURE 6 6 .  
P ~ 1 ; 4 ~ 2 - I n p u t  Contour 
b l o c k  a r e a  ( o n l y  60 d i g i t a l  t e r r a i n  t a p e  v a l u e s  a r e  used i n  a v e r a g i n g  
t opog raph i c  h e i g h t ) ,  a s  shown in  F i g u r e  66 more topography  d e t a i l s  nay  b e  
r e t a i n e d .  The h i l l  t o p  ment ioned e a r l i e r  is now a t  i t s  p rope r  s i z e  b u t  
i t s  1ocat i .on i s  s m e w h a t  misp laced .  The 800' p l a t e a u  i n  t h e  s o u t h e a s t  i s  
r ecogn i zed  and a l l  t r e n d s  a re  r eco rded  wi th  adaqua te  d e t a i l .  
Topo,;raphic i n f o r m a t i o n  d e t a i l i n g  ?he c o n d i t i o n e d  con t o u r s  a r e  
r e p r e s e n t e d  i n  F igu re  67 f o r  PF.I!ICl and i n  F igu re  68 f o r  PFIIPJC2. 'he 
p l o t s  2 r e  ex t r eme ly  d . i f f e r e n t .  The major f a c t o r  c o n t r i b u t i n g  t o  t h e i r  
u n l i k e  appea rences  i s  t h e  g r i d  l e v e l  h e i g h t ,  d e l t a  z.  The f a c t  t h a t  
i n p u t  t cpcg raphy  i n f o r ~ a t i o n  for- bo th  p l o t s  a r e  n o t  t h e  same a l s o  
c o n t r i b ~ " Y r . .  In F igu re  68, m o s t o f  t h o  topography  i s  seen  a s  T i a t .  R e  
p lane  which t r a v e l s  frcrn t h e  n o r t h w e s t  t o  t h e  s o u t h e a s t  i s  e l e v a t e d  a t  
9 3 Q r ,  . I  Lira I ;  portioi-!  o r  t h e  sou th  b y  s o u t h e a s t  i s  at. 820 ' .  In 
Figu.;.-t: 667, hawevr-:' , t h e  g r a d i e l ~ t s  a r e  more s n o o t h l y  d e f i n e d .  P l a t e a u s  
z a r e  j n r t a y e d  a s  1.zrge ( app rox in r a t e ly  .8 kn ) segments .  A s  compared t o  
r i g u r e  68, it i s  seen t h a t  t h e  820' p l a t e a u  c o v e r s  one q u a r t e r  t h e  a r e a .  
The 983' l e v e l  p l ane  d e s c r i b e d  i n  F igu re  68 is now d i v i d e d  i n t o  f i v e  
see;;ne!;Ls s, t , t ree cf which a r e  a t  9% I ,  one a t  902' and one  a t  1066'. A 
more gc i l t l e  g r a d i e n t  i s  seen  i n  t h e  southc-as twardly d e c r e a s i n g  v a l l e y .  
Figi l re  67 g i v e s  z more a c c u r a t e  i n t e r p r e t a t i o n  o f  a c t u a l  topography .  
I s o t z c h  c u r v e s  which d e f i n e  t h e  i n t e r p o l a t e d  v e l o c i t y  f i e l d  a t  25 m 
above grou::d f o r  ? Z I N C 1  a r e  shown i n  F igu re  69. The a d j u s t e d  v e l o c i t y  
fS.eld f o r  t h e  con -e spond ing  l e v e l  may be  found on F i g u r e  73. It i s  no ted  
t h a t  t h e  l o c a l  v e l o c i t y  g r a d i e n t s  apaea r  t o  be so l a r g e  s i n c e  MATHFA g r i d  
a r e a  i s  l a r g e .  These l o c a l  g r a d i e n t s  occur  a t  t h e  edges  o f  t o p o g r a p h i c  




PRINC2-Condiciniied Contcur  
FIGURE 6 9 .  
PRINC1--1nterpolaeed Ve1oc i . t~  F i e l d  at 25 .  m. A h \ . - 2  GrouL:d Le-krtzl 
FIGURE 70. 
PRINCI-Adjusted Velocity F i e l d  a t  25. m. Above Gro:,id Level 
a r e a  is s o  l a r g e ,  t h e  major  p o r t i o n  o f  t h e  MATHEW a r e a  e x p e r i e n c e s  t h e  
l o c a l  veloz<:;y g r a d i e n t s .  The a r e a  a t  which t h e  h i g h e s t  wind speed  i s  
s a i d  t o  occl l r  on F igu re  70  i s  t h a t  su r round ing  s i t e  5. On F i g u r e  69,  
t h i s  s i t e  ~ l : ~ c  s e e s  t h e  h i g h e s t  wind speed.  S ince  F i g u r e  67 shows s i t e  5 
l o c a t e d  on a p l a n e  t h e  windspeed was n o t  a d j u s t e d  a  g r e a t  d e a l .  S i t e s  1,  
2 and 3 occu .  :!here t opog rapn i c  g r a d i e n t s  e x i s t ,  a c c o r d i n g  t o  F i g u r e  67  
and veloc! ' .Q r i~agni tudes  f o r  t h e s e  s t a t i o n s  a r e  seen  t o  d e c r e a s e  from 
Figc:.e 59 tr, Figuwe 70. 
Figui-er, 7 1  c;na 72 show i n p u t  wind f i e l d s  f o r  PRINC1 and PRINC2 r u n s  
r e ~ p ? c t i ~ ~ e : ; ~ .  Althouzh i n p u t  v e l o c i t y  d a t a  and d a t a  s t a t i o n  l o c a t i o n s  
a re  t h e  sri..: 2 ) r  bo th  r u n s ,  t h e  i a p u t  f i e l d s  do  n o t  d u p l i c a t e  e ach  o t h e r .  
Th i s  i s  b c ~ : ~ u s c  d a t a  s t a t i o n  l o c a t i o n s  must be  p o s i t i o n e d  i n  t e n s  o f  
. . MA'i'i-i?:i:I g r i d  poal'i;ons. S i n c e  g r i d  p o s i t i o n  i s  a f u n c t i o n  o f  g r i d  a r e a ,  
t h e  s t a t i o r i  Z c ~ : i t i o n s  f o r  each  r u n  d i f f e r .  
Acijus!cd :,:it?< f i e l d s  f c r  PRINC1 and PRINC2 r u n s  a r e  shown i n  F i g u r e s  
73 2 n d  '7'1 : . -5spec t ive ly  at; 50 m above ground l e v e l .  The t v o  p l o t s  a r e  
see:-I t o  ai-,p:: ;;- ex t r e rne ly  d i f f e r e n t  a1 though s i m i l a r  t r e n d s  may b e  
ol-Jserve:l. Si ~ c e  PRINC2 r e c o g n i z e s  s t e e p  topography  g r a d i e n t s ,  l o c a l  
v e l o c i t y  s!-:!d-i ?r,:,v a r e  c c n c e n t r  a t e d  . PRINC1, ( F i g u r e  7 3 ) ,  however ,  
d i s p l a y s  j ~ .  wiild v a l u e s  on t h e  second l e v e l  above ground.  The 
i s o t a c h  cur ,vcs  silow a  smooth and f l owing  wind p a t t e r n  t h a t  o n l y  m i n i m a l l y  
resc.mb1.o~ it: c ~ r r e s p m i n g  i n p u t  plotv ( F i g u r e  71) .  For PRINC2 a t  t h e  
1 o c a t i o r . s  ! .kcre ' topoeraphy is assumed f l a t  ( F i g u r e  7 2 )  v e l o c i t y  
adjustment i r ,  smal l  and t h e  a d j u s t e d  i s o t a c h  c u r v e s  d u p l i c a t e  t h e  
correspondi : ig  5cpu.t c u r v e s .  For b o t h  p l o t s  c e r t a i n  s i m i l a r i t i e s  e x i s t .  
In t h e  c e ! i t r s l  sou th  p o r t i o n  o f  t h e  MATHEW a r e a  for'  b o t h  p l o t s  is  shown 
FfCURE 71. 
PRINC1-Interpolated Veloci. ty F i e l d  at 50. m. Above Ground Level  
FIGURE 72. 
PRINC2-Interpolated Vslocity F i e l d  at 50. m. Above Ground Level 
PRINCl--Adju:3ted V e l o c i t y  F i e l d  a t  50. a. Above Ground Level  
FIGURE 74. 
PRINCZ-Adjusted Velocity Field at 50. n. Above Ground Level 
ai: 11  c!ph v e l o c i t y  i s o t a c h  c u r v e  l o c a t e d  where e l e v a t i o n  d e c r e a s e s  from 
98q1 t o  820' ( F i g u r e s  67 and 68 ) .  Also ,  i n  both F i g u r e s  7 3  and 74 ,  t h e  
t h r e e  2 r e ~ s  Gilzich l o c a t e d  t h e  maximum winds s p e e d s  a r e  found t o  be  
pos i t i>n i . d  t h e  same. The h i g h e s t  v e l o c i t y  v a l u e s  nay  be found i n  t h e  
a r e a s  o f  s t a t i o n s  5, 2 and 3. The maximum wind s p e e d s  occur  i n  t h e  a r e a  
of s i t e  5 ( F i g u r e s  7 3  and 74) which i s  i n  t h e  no r thwes t  s e c t i o n  o f  t h e  
v a l l e y  ( F i g u r e s  67 and 6 8 ) .  R e f e r r i n g  t o  F igu re  61 ,  one may n c t e  t h a t  
f o r  F:tI;;C;;', t h e  a r e s  su r round ing  s t a t i o n  3  c o n t a i n s  t h e  maxinun d e n s i t y  
oC 1 nc:,l v c l o c i t y  2raclj.net.s. Comparison o f  a d j u s t e d  blind v a l u e s  f o r  t h e  
PRII/I:I i-b:i ( F i z u r  e 73) f'or t h e  sixre a r e a  shorrs t h a t  h e r e  a l s o ,  t h e  
veloci.: ';. s bei.:i g r e a t l y  a d j u s t e d  . Wind speeci v a l u e s  f o r  PRINC 1 r a n g e  
fr3r ?. 1 t o  12 m ~ h  ( F i g u r e  73)  whi le  wind speed v a l u e s  2s low a s  9 mph a r e  
::CCP :- P 2 I l I C 2  in t h e  a r e a  s u r r o u n d i g  s i t e  3. The l a r g e  v a l u e s  o f  
s!cy,.,{:;::. ;. . :-&7_o?ity el-cdien'cs sseen f o r  PRINC2 a r e  a t t r i b ! l t e d  aga in  t c  t h e  
1, arc2  : i  g r e d i c n t s  ex ye r i enced  . The a d j u s t e d  \rind f i e l d  gi.ven 
fGl. pT-,-:T.,-., , &,,,. i:n si-li:?,:; L s a o o t h e r  t r a n s i t i o n  o f  a d j u s t e d  v e l o c i t y  g r a d i e n t s  
at?d gjv,:;:; 2 rnor.12 s c c e p t a b l e  i n t e r p r e t a t i o n  o f  t h e  i n t e r p o l a t e d  wind 
fj. e1-d . 
F i t  .;.. .. ,. 
:L!. ,:., 75 ~ t l ~ i  '/5 con tou r  i n p u t  wind f i e l d s  f o r  t h e  PRIMC1 and P R Z N C 2  
r u n  2% 100 ia 31jo1 t1 ground l e v e l .  For bo th  p l o t s  i s o t a c h  p a t t e r n  t r e n d s  
d~spLice?,:; t i -ase ciilen 12 f o r  50 m ~ b o v e  ground and t h e  magni tude  o f  t h e  
i scltar,lA c u r v e s  i~ir,i-eares a c c o r d i n g l y  u s ing  a s h e a r  c o e f f i c i e n t  e q u a l  t o  
.25. 
Tlzu ,??Ji!s"sed w i r i c !  f i e l d  a t  100 n above ground f o r  FRIIJC1 i s  shown i n  
Ti&i:r:: V. Ci~e may s e e  t h a t  t h i s  d i a g r m  c l o s e l y  r e semb le s  t h e  i n p u t  
vcl.cic; t,y isotaci? p l o t  ( F i g u r e  7 5 )  f o r  PRINC 1. F i g u r e  7 8  shows t h e  
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FIGURE 75. 
PRINC1-Interplonted Vc1r rc~Tt :y  Ficl:.; 2.L 100. rn. :hove Ground Level 
. 
FIGURE 76. 
PRINC2-Intcrpolntsd Velc<:iCy F i e l d  G r  100. m. Above Ground Level 
FIGURE 7 7 .  
PRINC1-Ad j u s t e d  Velocity Field at 100. m. 'Above G K O U : I ~  Levcl. 
FIGURE 78. 
PRlNC2-Adjusted Velocity Tie ld  at 100. rn. Above Ground Level 
a d j u s t e d  wind f i e l d  a t  100 m above ground f o r  t h e  PRINC2 r u n .  One may 
n o t e  t h a t  t h e  a r e a  which c o n t a i n e d  l o c a l  v e l o c i t y  g r a d i e n t s  a t  50 m above 
ground (Figlure 7 4 )  now shows choppy fragmented i s o t a c h  l i n e s  ( F i g u r e  7 8 )  
i n  t h e  a r e a  su r round ing  s i t e  3. A t  each  s i t e ,  t h e  magni tude o f  v e l o c i t y  
v a l u e s  i s  ay;proximat ly  t h e  s a n e  h r  bo th  Fig; i res  77 and 78. F i g u r e  78 
shows t h a t  v e l o c i t y  a d j u s t m e n t s  occur  i n  a r e a s  d e s i g n a t e d  a s  hav ing  l a r g e  
con tou r  g r a d i e n t s  w h i l e  F i g u r e  77 shows t h a t  minimal v e l o c i t y  a d j u s t m e n t s  
a r e  made f o r  a much l a r g e r  p o r t i o n  o f  t h e  MATHEW a r e a .  
Conc lus ions  made from T e s t  IV a r e  a s  f o l l ow:  
1. A l l  c o n c l u s i o n s  from Te:jt I1 and Test  I11 a p p l y  t o  t h i s  t e s t .  
2. Wnen u s ing  a l a r g e r  gricl a r e a ,  t h e  averaged  topogi-aphy c o n t a i n s  
l e s s  d e t a i l s .  The snzaller t h e  g r i d  a r e a  chosen t h e  fewer  
d i g i t a l  t e r r a i n  t a p e  e l e v a t i o n  v a l u e s  used f o r  e a c h  segment and 
t h e  more c l o s e l y  a c t u a l  c o n d i t i o n s  a r e  approx imated .  
3. Choosing a  s m a l l e r  g r i d  l z v e l  h e i g h t  v a l u e  a l l o w s  t h e  cond i t oned  
topography t o  b e  d i v i d e d  i n t o  more g r i d  l e v e l  h e i g h t s  and a l l o w s  
a  smoother topography  e l e v a t i o n  t r a n s i t o n .  The l a r g e r  t h e  d e l t a  
z v a l u e ,  t h e  fewer  l e v e l  h e i g h t s  d e f i n e d  by t h e  c o n d i t i o n e d  
con tou r  and t h e  l a r g e r  t h e  magni tude o f  topography  g r a d i e n t s .  
4. Choosing a s m a l l  g r i d  a r e a  makes l o c a l  v e l o c i t y  g r a d i e n t s  occu r  
i n  a  smaller,  a r e a  2nd appear  i s o l a t e d .  The l a r g e r  t h e  g r i d  
a r e a ,  t h e  l a r g e r  t h e  l o c a l  ve1ozit .y g r a d i e n t s  and t h e  l a r g e r  t h e  
p r o p o r t i o n  o f  a r e a  covered by t h e s e  g r a d i e n t s .  
5, The l a r g e r  t h e  t opog raph i c  g r a d i e n t ,  t h e  l a r g e r  t h e  magni tude  o f  
t h e  l o c a l  v e l o c i t y  g r a d i e n t s .  
6. Usir!g a  l a r g e  c i e l t a  z v a l u e  and a  sma l l  d e l t a  x ,  d e l t a  y v a l u e  
d o e s  r e s u l t  i n  a d j u s t e d  v e l o c i t y  f i e l d s  c o n t a i n i n g  i s o l a t e d  
l o c a l  v e l o c i t y  g r a d i e n t s  which cover  a  s m a l l  a r e a  and have a  
l a r g e  magni tude.  Using a  sma l l  d e l t a  z v a l u e  and l a r g e  d e l t a  x ,  
d e l t a  y  v a l u e s  a l l o w s  t h e  a d j u s t e d  v e l o c i t y  f i e l d  t o  c o n t a i n  
l o c a l  veLoc i t y  g r a d i e n t s  which cover  a  l a r g e  a r e a ,  have s m a l l e r  
magni tudes ,  and which c o n t r i b u t e  t o  t h e  c o n t i n u i t y  o f  t h e  
i s o t a c h  p a t t e r n .  In t h i s  way, more segments  o f  t h e  MATHEN a r e a  
c o n t a i n  v e l o c i t y  v a l u e s  which have been a d j u s t e d  b u t  t h e  
magni tude o f  t h e  a d j u s t ~ n e n t  is  l e s s .  
7. A s  h e i g h t  l e v e l  above ground i n c r e a s e s ,  t h e  a d j u s t e d  v e l o c i t y  
f i e l d  n o r e  c l o s e l y  r e semb le s  t h e  i n t e r p o l a t e d  v e l o c i t y  f i e l d .  
8. Grid b l o c k  v o l m e s  w i t h  s m a l l  h e i g h t s  and l a r g e  a r e a s  a l l o w  t h e  
MATHEI.1 program t o  a d j u s t  wind v e l o c i t y  v a l u e s  i n  a more 
comprehznsive and con t i nuous  manner. 
4.6 TEST V 
-- 
The MATHEW a r e a  o f  i n t e r e s t ;  f o r  a l l  runs inc:~.lded f o r  t h i s  t e s t  is  
shown i n  F i g u r e  64. In  a l l  r u n s  c i : : !~ared  t h e  g r i d  s i z e ,  M ,  N a n d  L 
v a l u e s  a r e  t h e  same. For eech  run  u s e d ,  2. p r e d e t e r z i n e d  number o f  d a t a  
s t a t i o n s  a r e  d e l e t e d  f r a z  each  i n t e r p o l a t i o n  scheme. A l l  r u n s  2re 
compared a g a i n s t  t h e  PRINC3 run  which i n c l u d e s  a l l  f i v e  d a t a  s t a t i o n s .  
Tes t  V shows how i4ATHEW's ad jus ted  1,:iriii f i e l d s  ;,cspond t o  d a t a  s t a t i o n  
d e l e t i o n s .  PRINC3 t h r u  PRINC'T r u n s  d e l e t : :  z e ro  t h r u  f o u r  d a t a  s t a t i o n s  
r e s p e c t i v e l y ;  PRItJC8 d e l e t e s  one stzitlo:., and FRIXCI) d e l e t e s  f o u r .  A l l  
r u n s  use d e l t a  x = 190.2 rn, d e l t a  y  = 317. n clnd de l - t a  z = 37.5 rn. The 
14, N and L v a l u e s  f o r  a l l  r u n s  :.re 25, 25 ;r!d 15.  
The i n p u t  con tou r  p l o t  user;, for all.  r u n s  i s  see:] on F i g u r e  66. The 
c o n d i t i o n e d  cont.our p l o t  i s  g iven  by Fi~! . . i re  79. Fez- t h e  PRIIJC3 r u n ,  t h e  
i n t e r p o l a t e d  wind f i e l d s  u s i n g  c i l l  fi\rc. d;,kz s t a t i s f i s  a r e  short?? a t  37.5  
and 75 m i n  F i g u r e s  80 and ? I  r e spcc t l . ve ly .  The out .put  ve l . oc i t y  f i e l d  
f o r  1evcl .s  1 and 2 a r e  g iven  by Figure::; 2 and 03 r e s p e c t . i v e l y .  For 
l e v e l  4 i n  F i g u r e  82 l o c a l  veloc:.':,y g r a d i e n k s  e x i s t  nez, con tou r  
g r a d i e n t s  and f o r  l e v e l  2 (Fi,f:i~re 83) p ~ ~ ~ i t i c ? ~ . ~  ~ O I -  1:kich l o c a l  v e l o c i t y  
g r a d i e n t s  d i d  e x i s t  show t h c t  t h e  c;.l;l.>d fle1.d h a s  bcen snloothed o u t  b u t  
topography e f f e c t s  a r e  s t i l l  s p p r e n t .  
The P R I N C 4  run c o n d i t i o n s  t e r r a i n  in thz sa!-.ic way a s  d i d  PRINC3 
( F i g u r e  7 9 ) .  b u t  d e l e t e s  s t a t i o n  5 f r m  i;iie i n p u t  f i e l d .  F i g u r e s  84 and 
85 d i s p l a y  t h e  i n t e r p o l a t e d  f i e l d  f o r  I:ll::Ci,I a t  37.5  and 7 5  m r e s p e c t i v e l y .  
Adjusted wind f i e l d s  f o r  t h e  f i r s t  t w i \  b e v e l s  above ground a r e  g i v e n  by 




PRINC3-Iuterpolattrd Velocicy F i e l d  at 3 7 . 5  m. Above Ground Level 
FIGURE 81. 
PRINC3-Inter~los?cd Veloc i ty  Field at 75. m. Above Ground Level 
FIGU!:I: G 2 , 
PRLNC:,. i'A:usted Ve!.ocity F i e l d  a t  37.5 rn. Above Ground Level  
FIGURE 83 .  
PRINC3-Ad jus  t e d  V e l o c i t y  Field at 75. m. Above Grou:lLi Level  
FIGURE 84. 
PRINC4-Interpolated V e l o c i t y  F i e l d  a t  37 .5  m. Above Ground Leve l  
FIGURE 85.  
PRXNC4-Tntcr~olated Veloc i ty  Field at 75. m. Above Ground Level 
FIGURE 8G. 
PRINC4-Adjusted V e l o c i t y  F i e l d  a t  37.5 m. Above Ground Level 
FIGURE 87. 
PRINC4-.Adjusted Velocity Field a t  75. m e  Above Ground Level 
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t h e  co r r e spond ing  a d j u s t e d  i s o t a c h  p a t t e r n s  d u p l i c a t e  t hemse lve s  a lmos t  
p r e c i s e l y .  S t a t i o n s  1 and 5 a r e  sur rounded  by t h e  p o s i t i o n  f o r  which 
d i s c r e p e n c i e s  occu r .  The l o c a t i o n  and shapes  o f  a l l  l o c a l  v e l o c i t y  
g r a d i e n t  p a t t e r n s  is t h e  same i n  bo th  F i g u r e s  82 and 86. S ince  
i n t e r p o l a t e d  v e l o c i t y  v a l u e s  su r round ing  s t a t i o n  1 and 5  ( F i g u r e s  80 and 
84) d i f f e r ,  t h e  a d j u s t e d  v e l o c i t y  v a l u e s  ( F i g u r e s  8 2  and 86) a l s o  d i f f e r ,  
e s p e c i a l l y  i n  t h e  domain where t h e  a r e a  i s  assumed f l a t  ( F i g u r e  7 9 ) .  
F i g u r e  88 shows an i s o t a c h  p l o t  o f  t h e  a b s o l u t e  v a l u e  o f  t h e  d i f f e r e n c e s  
between a d j u s t e d  v e l o c i t y  v a l u e s  o u t p u t  from PRI?JC3 and PRINC4 r u n s .  
T h i s  p l o t  shows t h a t  a l t h o u g h  t h e  p a t t e r n  d i s p l a y e d  i n  F i g u r e s  32 and 86 
a r e  q u i t e  s i m i l a r ,  t h ~  absence  o f  t h e  s i t e  5  v e l o c i t y  v a l u e  from t h e  
PRINC4 run  c a u s e s  t h e  magni tude o f  t h e  o u t p u t  v e l o c i t y  v a l u e s  t o  d i f f e r  
g r e a t l y  from t h a t  o u t p u t  by PRINC3. As s e e n  from F i g u r e  88, t h e  maximum 
v a l u e  o f  v e l o c i t y  d i f f e r e n c e  i s  3.5 rnph l o c a t e d  s l i g h t l y  t o  t h e  west  o f  
s i t e  5. A t  7 5  m above ground ,  a d j u s t e d  i s o t a c h  p a t t e r n s  t e n d  t o  more 
c l o s e l y  ag ree  w i th  co r r e spond ing  i n p u t  p a t t e r n s  t h a n  a t  37.5 m above 
ground. I n  t h e  a r e a  su r round ing  s i t e  5 ,  P R I N C 4  i s o t a c h  l i n e s  ( F i g u r e  8 7 )  
cor respond  t o  t h o s e  i n  F i g u r e  85 and f o r  PRIXC3 l i n e s  i n  F i g u r e  . 83 
cor respond  t o  t h o s e  i n  F igu re  81. Adjus ted  v e l o c i t y  v a l u e s  a t  75 rn above 
ground f o r  P R I N C 4  a r e  app rox i ma te ly  11 rnph a s  compared t o  15 mph f o r  
PRINC3 a t  s i t e  5. 
S i t e  2 i s  d e l e t e d  i n  t h e  PRINCS r u n ,  a s  may b e  seen  i n  F i g u r e s  89 and 
90 .  A t  37.5 m above ground ,  t h e  i n p u t  v e l o c i t y  v a l u e  o f  13.8  rnph ( F i g u r e  
81)  f o r  t h e  PRINC3 run nou becomes 10.2 mph (F igu re  89) f o r  t h e  PRINC8 
r u n  a t  s i t e  2. Adjusted v e l o c i t y  f i e l d s  g iven  by PRINC8 a t  37.5 and 75 n 
above ground a r e  shown i n  F i g u r e s  9 :  and 92. The p l o t  showing t h e  
Isotach D i f f e r e n c e  Tt,.!in-.en Arlju::+-cc! Veiocf ty  'i 'alues Output from PRINC3 
and PRINC!< Kuus at 37.5 rn. Abcve Ground Level 
FIGURE 89. 
PRINC8-lnt-erpolated Vel o c i r y  F i e l d  at 3 7 . 5  m. A ~ o v ~  Ground Level  
FIGURE 90. 
PRINC8-Interpoiated Veloc i ty  F i e l d  at 75. m. Above Ground Level 
FIGURE 91. 
PRIKCB-Adjusted V e l o c i t y  F i e l d  at 37.5 m. Above Grcund Level 
F I G U R E  92 .  
PRIKCG-Adjusted Velocity Yield 75. in. Above Ground Lcvel 
v e l o c i t y  d i f f e r e n c e  between a d j u s t e d  v e l o c i t y  v a l u e s  o u t p u t  from P R I N C 8  
and P R I N C 3  ( F i g u r e  93)  show t h a t  t h e  l a r g u s t  v e l o c i t y  d i s c r e p e n c i e s  o c c u r  
i n  t h e  a r e a  s u r r o u n d i n g  s t a t i o n  2. A mzxinum v e l o c i t y  d i f f e r e n c e  o f  2.2 
rnph is g i v e n .  As tilt? d i s t a n c e  away from sit? 2 i n c r e a s e s ,  t h e  magni tude 
o f  v e l o c i t y  d i f f e r e n c e  d e c r e a s e s .  Velocit,y f i i f f e r e n c e s  a l s o  exist  i n  t h e  
n o r t h e a s t  q u a d r a n t  o f  t h e  IYATHEGi a r e a .  S i n c e  i n t e r p o l a t e d  v e l o c i t y  
v a l u e s  i n  t h e  n o r t h e a s t  f o r  t h e  P R I N C 3  run  i r e  wei9,hted most s t r o n g l y  by  
t h e  v a l u e  a s s i g n e d  t o  s t a t i o n  2 ( F i g u r e  S O ) ,  t h e  a b s e n c e  o f  t h i s  s t a t i o n  
d o e s  indeed  i n d u c e  changes  i n  t h e  velocj.'cy l l a lues  a s s i g n e d  t o  t h e  n o r t h  
e a s t  ( F i g u r e  89).  Again a t  75 m t h e  xost  prorqincnt d i f f e r e n c e s  i n  
i s o t a c h  t r e n d s  f o r  a d j u s t e d  v e l o c i t y  f i e l d s  ( F i g u r e s  8 3  and 9 2 )  a r e  seen  
t o  e x i s t  because  o f  d i f f e r e n c e s  i n  pat tc l - : I  t r e n d s  f o r  i n p u t  f i e l d s  
( F i g u r e s  81 and 9 0 ) .  
The P R I N C 5  r u n  n e g l e c t s  n o t  c n l y  v a l u c s  c i v e n  f o r  s t a t i o n  5 b u t  a l s o  
f o r  t h o s e  g i v e n  f o r  s t a t i o n  1 .  A t  37.9 a;?d 75 m above ground l e v e l ,  
i n t e r p o l a t e d  v e l o c i t y  f i e l d s  a r c  shot:n i n  F'S.,:urcs 94 srrd 95 r e s p e c t i v e l y .  
F i g u r e s  96 and 97 show a d j u s t e d  v e l o c i t y  f i e l d s  for- t h e  P R I N C 5  r u n  a t  
37.5 and 7 5 .  m r s p e c t . i v e l y .  P.s seen i n  Fi-~11r-e 98,  t h e  maximurn magni tude  
d i f f e r e n c e  between o u t p u t  v a l u e s  o f  P R I N C 3  2nd P R I N C S  r u n s  is seen tg he 
3.6 mph. The two p o s i t i o n s  where cust ,anding a a g n i t u d e  d i f f e r e n c e s  o c c u r  
a r e  a t  t h e  c e n t e r s  o f  t h e  c o n c e r ~ t r i c  i s o t a c h  l i n e s ,  where s i t e  1 and s i t e  
5 a r e  l o c a t e d .  
The P R I N C 6  run  u s e s  o n l y  two d a t a  s t a t j o n ,  a s  may be  s e e n  i n  F i g u r e  
99 and 100. S t a t i o n s  2 and 3 a r c  s e e n  a s  ithe cen t ,o r s  o f  t h e  c o n c e n t r i c  
i s o t a c h  l i n e s  which d e f i n e  t h e  i n p u t  v e l o c i t y  f i e l d  f o r  t h e  P R I N C G  run .  
S i t e s  5, 2 and 4 have been d e l e t e d  from this r u n .  A t  37.5 m above ground 
FIGURE 93 .  
Lsotach Difference Between Adjus t ed  Velocity V z l u e s  O u t p u t  fron PRINC3 
and PRISC8 at 37.5 m. Above Ground Level 

FIGURE 95.  
PRINCS-Interpolated V e l o c i t y  F i e l d  a t  75. m. Above Ground Level 
FIGURE 96. 
PRINCS-Adjusted Velocity Field at 3 7 . 5  m. Above Ground Levcl 
FIGURE 97 .  
PRINCS-Adju:;ted Ve loc i ty  F i e l d  a t  75. m a  Above Ground Leve l  
t?i?  a d j u s t e d  v e l o c i t y  f i e l d  i s  shown i n  F i g u r e  101 and a t  7 5  m i n  F i g u r e  
102. A s  nay be  e x p c t e d ,  F i g u r e  103 show t h a t  maximum magni tude 
c i i f r ' e renccs  occur  a t  t h e  l o c a t i o n  where wind d a t a  h a s  been d e l e t e d .  
Tie PXI;IC7 run  u s e s  o n l y  a  v a l u e  o f  12. t16 ~nph a t  37.5 rn a s  i n p u t  
d ~ t a .  S i n c e  a l l  g r i d  p o s i t i o n s  a r e  t h e n  a s s i g n e d  t h i s  v a l u e ,  t h e  i n p u t  
velo( : i ty  f i e l d  p l o t s  i s  n o t  r e q u i r e d .  F i g u r e  104 shows t h e  a d j u s t e d  
v e l o c i t y  f i e l d  a t  37.5 m above ground l e v e l  and F i g u r e  105 shows v e l o c i t y  
a t  75 m e l e v a t i o n .  1% is s e e n  from b o t h  t h e s e  p l o t s  t h a t  o n l y  l o c a l  
v e l o c i t y  g r a d i e n t s  a r e  r e c o g n i z e d .  I s o t a c h  d i f f e r e n c e s  between o u t p u t  
val i les  o b t a i n e d  from PRINC3 and PRINC7 a r e  p l o t t e d  i n  F i g u r e  136 f o r  37.5 
m above ground.  On t h i s  f i g u r e ,  t h e  a r e a  s u r r o u n d i n g  s i t e  2 shows a  
d e c r e a s i n g  v e l o c i t y  d i f f e r e n c e  w i t h  a  minimum d i f f e r e n c e  e q u a l  t o  z e r o  
nph .  Ve1cci';y d i f f e r e n c e s  at; t h e  o t h e r  f o u r  s t a t i o n s  r a n g e  from .4 mph 
a t  s i t e  5 t o  5.5 mph a t  s i t e  4. 
S i m i l a r l y ,  PRINC9 u s e s  o n l y  d a t a  t a k e n  from s i t e  4,  s o  t h a t  i n i t a l  
b l i n d  speed f o r  a l l  l o c a t i o n s  i s  assumed e q u a l  t o  7 .43 mph a t  37.5  n. 
abovc ground.  For PRINC9 a d j u s t e d  v e l o c i t y  f i e l d s  a t  37.5 m and 75 m a r e  
glott;ed i n  F i g u r e s  107 and 108 r e s p e c t i v e l y .  The v e l o c i t y  d i f f e r e n c e  a t  
gr-5.d l o c a t i o n s  between PRINC3 arrd PRINC9 o u t p u t s  is shohn on F i g u r e  109. 
Tilc o u t p u t  v e l o c i t y  p l o t s  o f  PRINC9 ( F i g u r e s  94 and 95)  c l o s e l y  resemble  
t h o s e  f o r  PRIKC7 ( F i g u r e s  107 and 1 0 8 ) .  The r u n s  a r e  e s s e n t i a l l y  t h e  
sane i n  t h a t  o n l y  l o c a l  v e l o c i t y  g r a d i e n t s  a r e  r e c o r d e d  b u t  t h e y  a r e  
d i f f e r e n t  because  t h e  magni tude o f  t h e  v e l o c i t y  g r a d i e n t s  (which i s  a  
f u n c t i c n  of t h e  i n p u t  v e l o c i t y  a t  t h e  a r e a  o f  i n t e r e s t )  a r e  d i f f e r e n t .  
F i g u r e  110 shows an i s o t a c h  p l o t  which r e c o r d s  t h e  d i f f e r e n c e  between 
a d j u s t e d  v e l o c i t y  v a l u e s  o u t p u t  f rom PRINC4 and PRINC8 r u n s .  S i n c e  t h e  
FIGURE 98. 
I s o t a c h  Difference Between Adjusted Velocity Y s l u e s  O u t p u t  from PRIXC3 
and PRINC5 aT 37.5 m. Above Ground  Level 
FIGURE 99. 
PRWC6-Interpolated Velocity Field at 37.5 rn. Above Ground Level 
FIGURE 100. 
. 
PRLUC6-Interpolated Velocity Field at 75. m. Above Ground Level 
F I G W  101. 
PRISC6-Adjusted Velocity Field at 37.5 m. A b o v ~  Ground L w e i  
FIGURE 102. 
PRINC6-Adjusted Ve1.ocit.y F i e l d  sc 75. m. A5ove Ground Level 

FIGURE 104. 
PRINC7-Adjusted V e l o c i t y  F i e l d  at .  57.5 2 .  Above Ground Level 
FIGURE 105. 
PRINC7-Adjusted Velocity F i e l d s  at 75. m, Above Ground Level 
Lsetach Di f fe rence  Re t~ceen  A d j u s t e d  V e l o c i t y  V a l u e s  O u t p u t  from P R I N C 3  
and PRINC7 at.37.5 m. Above Ground L e v e l  
FIGURE 107. 
PRIIJC9-Adjusted Velocity 'Field at 37.5 m. Above Ground Leve l  
FIGURE 108. 
PRINC9-Adjsuted Velocity - F i e l d  at 75 .  rn. Above  Ground Level 
180 
v e l o c i t y  v a l u e  a t  s i t e  5  i s  n o t  r e c o g n i z e d  by PRI:iC4 and t h e  v e l o c i t y  
v a l u e  a t  s i t e  2 i s  n o t  r e c o g n i z e d  by PRINCa, t h e y  a r e  t h e  l o c a t , i o n s  where 
maximum v e l o c i t y  d i f f e r e n c e  o c c u r s .  
F i g u r e  111 shows t h e  v e l o c i t y  d i f f e r e n c e  between o u t p u t s  f rom PRINC7 
and PRINC9 r u n s .  s i n c e  PRINC7 i n c l u d e s  o n l y  s i t e  2 and PRINC9 c o n s i d e r s  
o n l y  s i t e  4 ,  t h e  v e l o c i t y  d i f f e r e n c e  f o r  a l l  s t a t i o n  is q u i t e  l a r g e  
r a n g i n g  from 3.5 rnph a t  s t a t i o n  4  t o  5.6 mph a t  s t a t i o n  5. The 
root-rnean-square d i f f e r e n c e  a t  3 7 . 5  rn i s  5.09 mph. 
Conc lus ions  made from T e s t  V a r e  a s  f o l l o w s :  
1  Changing t h e  i n p u t  v e l o c i t y  f i e l d  does  d r a m a t i c a l l y  change t h e  
a d j u s t e d  v e l o c i t y  f i e l d .  
2. T'he p a t t e r n  o f  i s o t a c h  c u r v e s  o u t p u t  from a  MATIIEW r u n  depends  
on two t h i n g s ;  t h e  p a t t e r n  o f  t h e  i n p u t  v e l o c i t y  f i e l d  and t h e  
p a t t e r n  o f  c o n d i t i o n e d  c o n t o u r  l i n e s .  For a  s p e c i f i e d -  p a t t e r n  
o f  c o n d i t i o n e d  c o n t o u r  l i n e s  ( t h i s  i m p l i e s  s p e c i f i e d  d e l t a  x ,  
d e l t a  y ,  d e l t a  z ,  e t c . ) ,  t h e  l o c a l  v e l o c i t y  g r a d i e n t s  w i l l  
a lways  o c c u r  i n  t h e  same p o s i t i o n s  o f  t h e  MATHEW a r e a  and w i l l  
a lways  occupy t h e  same amount o f  space .  The magni tude  o f  t h e  
v e l o c i t y  g r a d i e n t  i s  dependen t  on t h e  a s s i g n e d  v e l o c i t y  f o r  t h e  
s p e c i f i e d  l o c a t i o n .  Where t h e  MATHF3 program assumes f l a t  
t e r r a i n ,  v e l o c i t y  a d j u s t m e n t  is n e g l i g a b l e  and t h e  a d j u s t e d  wind 
f i e l d  d u p l i c a t e s  t h e  i n p u t  wind f i e l d .  
3. The MATHEW program is  n o t  a b l e  t o  p r e d i c t  t h e  wind speed  v a l u e s  
a t  a d e l e t e d  s i t e .  The wind d a t a  t a k e n  i n  t h e  f i e l d  r e f l e c t s  
n o t  o n l y  c o n s e r v a t i o n  o f  mass ,  b u t  a l s o  c o n s i d e r s  t h e  
c o n s e r v a t i o n  of  e n e r g y  and t h e  c o n s e r v a t i o n  o f  momentum. 
4. The more d a t a  s t a t i o n s  used  t o  p r o v i d e  v e l o c i t y  v a l u e s  f o r  t h e  
i n t e r p o l a t i o n  scheme, t h e  more r e a l i s t i c  i s  t h e  i n t e r p r e t a t i o n  
o f  a c t u a l  c o n d i t i o n s .  I t  a p p e a r s  t h a t  t h e  o p t i m a l  number o f  
d a t a  s t a t i o n s  is  g r e a t e r  t h a n  f i v e .  I t  is h i g h l y  s u g g e s t e d  t h a t  
a  d e t a i l e d  t o u r  of  t h e  a r e a  be  conducted s o  t h a t  t h e  most 
a p p r o p r i a ' t e  p o s i t i o n s  o f  d a t a  s t a t i o n  l o c a t i o n s  may be 
de te rmined .  In t h i s  way, t h e  i n t e r p o l a t e d  wind f i e l d  may 
p r o v i d e  an a c c u r a t e  r e p r e s e n t a t i o n  o f  a c t u a l  c o n d i t i o n s .  
P o s s i b l y  t h e  u s e r  o f  MATHEW w i l l  d e s i r e  t o  r e c o r d  wind speed  
.values  a t  t h e  . h i g h e s t  and l o w e s t  t e r r a i n  l e v e l s  i n  t h e  MATHEW 
a r e a .  
FIGURE 109. 
Isotach Ciffzrencc Between Adjusted Velocity Values Output  from PRI!.J3 
and PRISC9 a t  37.5 m. Above Ground Level 
FIGURE 110. 
I s o t a c h  Dif ference  Between A d j u s t e d  VelocXty Va lue s  Ou tpu t  from P K I N C 4  
and P R I X C 8  at 37.5 m. Above Ground Level 
FIGURE 111. 
Isotach Difference Between Adjusted Velocity Values Optput  from FRIXC7 
and PR1NC9 at 37.5 m. Above Ground Level 
CHAPTER 'J 
HESUi,: 5 ,  ~ ~ O I . ~ C L U S I O N S  AND 
Ei':,T;3!'IbfENDA-'rII)1\1S 
5.1 RESULTS 
5. 1. 'I Mathenatic:zl Rxz?.;:s< ,:. For each MATHEW r u n ,  t h e  d i f f e r e n c e  
-----. - --- 
between input  and adjus ted  . ~ e l o c i t y  va lues  a t  each earresponding g r i d  
pos i t ion  i s  ca lcu la ted  f o r  s:)ec:lfied l e v e l s  above ground. It has  been 
found t h e t  f o r  a l l  runs ,  c::i--;,-:j.n t r e n d s  p e r t a i n i n g  t o  v e l o c i t y  adjustment 
and above ground l e v c l  . As shcxn i n  Figure  112, v e l o c i t y  
d i f f e r e n c e  c a l c u l a t i o i ~ ~  f ~ r  :;i:.? P R i N C 2  1-un a r e  used t o  dernonstrzte these  
t r ends .  UDIF, UI.lAX, arid ti3:..S 2rc  defined i n  s e c t i o n  3.3. For a l l  
l e v e l s ,  t h e  rninirr,u..ii ve1s.i ?,:: d i f  fererlce (UMIN) equa l s  zero .  As l e v e l  
above g round  i n c r e a s e s ,  nc:; i1;-;3.y t h e  n!al;nit;inc!e of t h e  maximum v e l o c i t y  
d i f f c r e n c c  (UMBX) but zl c:c> Lka. root--mean-square v e l o c i t y  d i f f e r e n c e  
(URI'IS) ciecreases e?:pontial.l;,  . 
It  is a l s 3  seen from F j  gal-,? 'i 12 tilai; t h e  number of g r i d  p o s i t i o n s  
which hove a small. v e l  A o,-.f '- L,: differe1:ce (IIDXF is  g r e a t e r  than zero  but  
l e s s  t han  .1  mph) inct-eases a:- t-.l:ci l e v e l  above ground i c c r e a s e s .  In t h i s  
way, it i.s seen t h a t  a:; ti:? l c v e l  i n c r e a s e s ,  t h e  v e l o c i t y  adjustment 
decreases .  
Since t h e  nagnitudc of ~ ~ : l ( - j c i C y  a d j u s t a e n t  decreases  a s  e l e v a t i o n  
i n c r e a s e s ,  an exarninatior: of' t h e  adjus ted  wind shear  c o e f f i c e n t  is 
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per formed .  For each  g r i d  p o s i t i o n  i n  t h e  MATHFd a r e a ,  a l l  above ground 
v e l o c i t y  v q l u e s  a r e  used t o  c u r v e  f i t  a  s h e a r  c o e f f i c i e n t  v a l u e .  In  t h i s  
iqay, t h e  p roduc t  o f  ?I t i m e s  N s h e a r  c o e f f i c i e n t  v a l u e s  a r e  de te rmined  f o r  
each r.'l!tT.!4cll r u n .  On Tab le  5 may be found t h e  i n p u t  s h e a r  c o e f f i c i e n t  
and t h e  rt~sxirnua ct, minimum u and ave rage  v a l u e  o f  a, t h e  a d j u s t e d  s h e a r  
c o e f f i c i e ~ t .  It may be s een  from t h i s  t a b l e  that ,  t!le ave rage  a d j u s t e d  
s h e a r  c o e f f i c i e n t  c o n s i s t e n t l y  a g r e e s  w i th  t h e  i n p u t  s h e a r  v a l u e .  Th i s  
f a c t  i m p l i e s  t h a t  c o n s e r v a t i o n  o f  momentum and c o n s e r v a t i o n  o f  ene rgy  a r e  
a r e  ma in t z ined .  
Tab le  5 a l s o  g i v e s  f o r  e ach  r u n  t h e  ave r age  URMS, t h e  minimum U R M S ,  
and t h e  maximum URMS over  t h e  f i r s t  f i v e  l e v e l s  above ground. These 
v a l u e s  21-2 d e f i n e d  i n  s e c t i o n  3.3. Note t h a t  f o r  e ach  s i t e  ( P r i n c e t o n  
and W i n d s ? r ) ,  t h e  ave r age  root-mean-square v e l o c i t y  d i f f e r e n c e  v a l u e  ha s  
l i t t l e  d e v i a t i o n .  
The t o t a l  nuaber  o f  i t e r a t i o n s  (ITER) r e q u i r e d  t o  c a l c u l a t e  
LagrangLzn m u l t i p l i e l -  v a l u e s  f o r  i n t e r n a l  $ r i d  p o s i t i o n  ( i . e .  s o l v e  t h e  
p a r t i a l  d i f f e r e n t i a l  e q u a t i o n )  is a l s o  r e c o r d e d ,  It may be  s een  t h a t  a l l  
ITER v a l u e s  r e q u i r e d  a r e  a p p r o x i n a t e l y  t h e  same f o r  a l l  r u n s  e x c e p t  f o r  
f o r  tho:: which r e q s i r e  a  s m a l l  d e l t a  z va lue .  The t o t a l  number o f  g r i d  
pos i t io t i r ;  i s  a l s o  recorded  f o r  a l l  r u n s .  
5 .1 .2  A l g o r i t h n  I n s p e c t i o n .  The most obv ious  t r e n d  which e x i s t s  f o r  
-- - 
a l l  I.tATii2!l r u n s  i s  t h a t  where t o p o g r a p h i c a l  g r a d i e n t s  a r e  l a r g e ,  t h e  
v e l o c i t y  f low is  a d j u s t e d  a  g r e a t  d e a l  and where t h e  topography  is  
assumed l e v e l  ( o r  f l a t )  ad ju s tmen t  o f  v e l o c i t y  v a l u e s  i s  n e g l i g a b l e .  
V e l o c i t y  a d j u s t m e n t s  f o r  t h e  f i r s t  l e v e l  above ground have  t h e  h i g h e s t  
magni tude and l o c a l  v e l o c i t y  g r a d i e n t s  e x i s t  t h e r e .  S i n c e  :1ATIIEW a d j u s t s  
v e l o c i t y  v a l u e s  u s i n g  a s  a c o n s t r a i n t  t h e  c o n s e r v a t i o n  o f  mass e q u a t i o n ,  
t h e  t r e n d  i s  e a s i l y  a c c e p t e d .  An i n v e s t i g a t i o n  o f  t h e  numer i ca l  c a u s e  o f  
t h i s  t r e n d  and t h e  e x i s t a n c e  o f  l o c a l  v e l o c i t y  g r a d i e n t s  a t  t h e  f i r s t  
l e v e l  above ground is performed by examinimg t h e  numer i ca l  t e c h n i q u e  
p rocedu re  used i n  MATHE,i. I n  t h e  i n v e s t i g a t i o n  v a l u e s  c a l c u l a t e d  f o r  
a l l  i n t e r i o r  g r i d  p o i n t s  a r e  observed .  It is noted  h e r e  t h a t  t o  
c a l c u l a t e d  a d j u s t e d  v e l o c i t y  v a l u e s  equa t i on  21 i s  used .  
I n  :.IATHEh', t h e  a d j u s t e d  wind f i e l d s  a r e  c a l c u l a t e d  u s i n g  a  d i f f e r e n c e  
fo rmal i sm f o r  p o s i s i t o n  j i n  t h e  y  d i r e c t i o n  and k i n  t h e  z d i r e c t i o n .  
The f i r s t  term i n  t h e  r igh t -hand  s i d e  o f  t h e  above e q u a t i o n  may be 
r e f e r r e d  t o  a s  t h e  averaged  i n i t i a l  . v e l o c i t y .  The ad ju s tmen t  o f  t h e  
i n i t a l  v e l o c i t y ,  U: , may be due t o  e i t h e r  ( 1 )  a -  l a r g e  AX-..or ( 2 )  a  lar-ge 
v e l o c i t y  d i f f e r e n c e  i n  t h e  ne ighbo r ing  g r i d  p o s i t i o n s  a t  i-1 o r  i + 1 ,  
which w i l l  g i v e  a  s i g n i f i c a n t l y  d i f f e r e n t  va lue  f o r  t h e  averaged  i n i t i a l  
v e l o c i t y .  
For c a s e  ( 2 ) ,  it may be no ted  h e r e  t h a t  when a l a r g e  t o p o g r a p h i c a l  
g r a d i e n t  e x i s t s ,  t h e r e  e x i s t s  a  l a r g e  v e l o c i t y  d i f f e r e n c e  between 
n e i g h b o r i n g  g r i d  p o i n t s .  For 
example ,  i f  t h e  MATHEW program 
s e e s  t h e  topography i l l u s t r a t e d  
h e r e ,  c a l c u l a t i o n  o f  t h e  averaged  
i n i t a l  v e l o c i t y  o c c u r s  i n  t h e  
f o l l o w i n g  way. If a t  p o s i t i o n  i 
t h e  i n i t a l  v e l o c i t y  e q u a l s  2.65 
m / s  and a t  p o s i t i o n  i-1 uo also 
e q u a l s  2.65 m / s ,  t h e  averaged  
v e l o c i t y  e q u a l s  
The v e l o c i t y  is  a s s igned  e q u a l  t o  zero a t  pcs i t ic r i  i + l  s i n c e  i t  is  
l o c a t e d  below ground l e v e l  and t h e  ave r age  i n i t a l  v e l o c i t y  v a l u e  e q u a i s  
1.9875 m/s In t h i s  way, 
A t  t h e  b o u n d a r i e s ,  t h e  Lagrangiarl  r n ~ l t i p ' ~ i ,  , c i i f f  c~-c : i c< ,  i s  a i  its 
l a r g e s t  s i n c e  i ts  v a l u e  is l a r g e  a t  bounci:r-ie.; 2nd smcll Tor n e i g h b o r i n g  
f l a t  t e r r a i n  p o s i t i o n s .  The r n u l t i p l i c r  va l t i .  i: di rec t ; ly  (6-laced t o  t he  
f i r s t  d e r i v a t i v e  o f  i n i t i a l  ve1ocit ;y valuc;  (:'. . e .  fJik,-gi-, ) which is 
l a r g e s t  a t  bounda r i e s  and s m a l l e s t  f o r  f1sL t e r - r z i n  c g r ~ d i t i o n s .  The 
Lagrangian r n u t l i p l i e r  g r a d i e n t ,  hokgever, c o r t r i b u t e s  little t o  v e l o c i t y  
a d j u s t m e n t  on t h e  f i r s t  l e v e l .  A t  bo!:ndarier;, ?or a n y  g iven  v e l o c i t y  
d i f f e r e n c e  between i n i t a l  and a d j u s t e d  v a l t : e s ,  t h e  i i i c l u s i a n  o f  tk'e 
Lagrangian  d e r i v a t i v e  c o n t r i b u t e s  about  4% t o  t h e  change and t h e  
a v e r a g i n g  a l g o r i t h m  c o n t r i b u t e s  96%. For t h e  above example ( t a k e n  from 
PRINCg r u n )  t h e  L a ~ r a n g i a n  m ~ l t i p l i e r  a f f e c t  a  maximum change e q u a l  t o  
.02 n/s and t h e  averaging t e c h n i q u e  a f f e c t s  a change e q u a l  t o  .a  m/s. 
It i,s then  shown t h a t  t h e  p r imary  and most e f f e c t i v e  cause  f o r  
a d j u s t i n g  v e l o c i t y  v a l u e s  i s  t h e  a v e r a g i n g  p rocedu re  which ou tweighs  t h e  
e f f e c t s  of t h e  Lagrangian c u l t i p l i e r  by a  f a c t o r  o f  10. This o b s e r v a t i o n  
demands much a t t e r ~ t i o n  s i n c e  i t  i s  r e s p o n s i b l e  f o r  e s t a b l i s h i n g  t h e  
ad jus tmcnt  t r e n d  appa ren t  i n  a l l  TIATHEW r u n s .  
It h a s  a l r e a d y  been n o t e d  t h a t  i s o t a c h  c u r v e s  on MATHEW p l o t s  i n  two 
d imens ions  look  a lmos t  e x a c t l y  t h e  same a s  p l o t s  i n  t h r e e  d imens ions .  
Th i s  i s  because the v e r t i c a l  v e l o c i t y  component i s  i n i t a l l y  assumed e q u a l  
t o  z e r o .  The ad jus tment  of t h e  v e r t i c a l  v e l o c i t y  component is due s o l e l y  
t o  t h e  f i r s t  d e r i v z t i v e  o f  t h e  Lagrangian m u l t i p l i e r  (and  n o t  t o  averaged  
i n i t i a l  v e l o c i t y  v a l u e s )  and is- ve ry  sma l l .  Its c o n t r i b u t i o n  t o  
a d j u s t i n g  t h e  mcignitude of  v e l o c i t y  v e c t o r s  is n e g l i g a b l e .  
By su:rs; ,arizing o b s e r v a t i o n s  made i n  T e s t s  I t h r u  V, c o n c l u s i o n s  on 
t h e  gec.?!t:f;;-ic:, d a t a  and s t o r a g e  s p a c e  l i m i t a t i o n  o f  !$\THE4 a r e  made. 
O b s e r v a t i c n s  which p e r t e i n  t o  a l l  MATHFA r u n s  and t h o s e  s p e c i f i c  t o  
ind iv idua l -  t e s t s  a r e  d i s c u s s e d  . Tab le  6 summarizes a l l  c o n c l u s i o n s  
o b t a i n e d  ;I-ci~ o b s e r v a t i o n s  o f  t e s t  r e s u l t s .  'Ihe t h i r t e e n  c o n c l u s i o n s  
l i s t e d  h e r e  d e f i n e  t h e  r a l a t i o n s h i p  between i n p u t  p a r a m e t e r s  and MATHEW's 
i n t e r p r e L a t i z n  o f  i n p u t  d a t a .  
S i n c e  :.;?iel-e MAT!ICti assumes t h e  topography t o  b e  f l a t  v e l o c i t y  
addus tnen t  i s  n e g l i g a b l e ,  and because  f o r  p o t e n t i a l  a r e a s  o f  i n t e r e s t  t h e  
topograph:,; may r a r e l y  b e  c o n s i d e r e d  f l a t ,  t h e  optinurn condi toned  
topogr-sr:::' i.s one which shows g r a d u a l  con tou r  g r a d i e n t s  and which c l o s e l y  
approxini.i;,?s a c t u a l  c o n d i t i o n s .  I d e a l l y ,  a  s m a l l  d e l t a  z v a l u e  i s  
- 
d e s i r e d  ( i  .e . appro;:il;lately e q u a l  t o  10 3). In t h i s  way, g r a d i e n t s  o f  1 0  
m or mci-<: '.:>i:ld be recognized  by t h e  MATHEW pl-ogram. It i s  obvious  from 
nl.1 an:?l.;;::ez t h a t  t;he s m a l l e r  t h e  g r i d  b l o c k s  used t h e  more c l o s e l y  
a c t u a l  tc:! :y>rachic c o n d i t i o n s  a r e  r e p r e s e n t e d ,  s i n c e  t h e  amount and 
I 
geo1:rctrj; : f t h e  gi-id b lock  used d e t e n n i n e s  how topography  is  c o n d i t i o n e d .  
S inc-  k:1$ :,iATHK,S moie l  i s  l i m i t e d  i n  t h a t  t h e  number of g r i d  b l o c k  
a l lowed i n  t h e  MATHFA box i s  maximized by computer s t o r a g e  s p a c e  
a v a i a b l . ~ ,  t ? : ~  means b y  k'hich topography  i s  massaged is a l s o  l i m i t e d .  The 
memory s t ; e ? a ~ e  s p c c e  a v a i l b l e  f o r  t h e  U n i v e r s i t y  o f  Massachuse t t s  Cyber 
system czn not  v l a b l y  c o n t a i n  a r r a y s  wi th  13,750 p o s i t i o n s .  An a r r a y  o f  
t h i s  s i z e  m u s t  be used f o r  a HATHEX run  wi th  M = 25, N = 25 and L = 22. 
As may be seen from Table  5 a l l  MATHEW r u n s  performed use f a r  fewer  
T a b l e  6. Conc lus ion  Summary Tab l e  
1. The MATHEW a r e a  shou ld  be l a r g e r  t han  t h e  a c t u a l  a r e a  f o r  which 
v e l o c i t y  i n f o r m a t i o n  is d e s i r e d .  
2. A sma l l  d e l t a  z a l l ows  :IATHFrJ t o  i n t e r p r e t  t e r r a i n  c o n d i t i o n s  i n  
a d e l t a i l e d  way. % a l l  d e l t a  x and d e l t a  y g i v e  more d e t a i l  a s  
t o  where t o p o g r a p h i c a l  g r a d i e n t s  e x i s t .  
3. Del t a  x and d e l t a  y  s h o u l d  be e q u a l  t o  i n s u r e  an even d i s p e r s i o n  
o f  i n t e r p o l a t e d  v e l o c i t y  v a l u e s .  
4. M = 11 and N = 11 s h o u l d  be  t h e  l o w e s t  l i m i t s  chosen f o r  a  
p a r t i c u l a r  r un .  
5 .  A g r i d  b l o c k  volume x i t h  a  s m a l l  h e i g h t  and a  l a r g e  a r e a  a l l o w s  
MATHEW t o  a d j u s t  wind v e l o c i t y  v a l u e s  i n  a  comprehensive and 
c o n t i n u o u s  manner. 
6. The manner by which MATHEW a d j u s t s  v e l o c i t y  i s  a  f u n c t i o n  o f  
t opog raphy ,  b u t  t h e  amount t o  be  a d j u s t e d  and t h e  f i n a l  a d j u s t e d  
v a l u e  is a  f u n c t i o n  o f  t h e  i n p u t  v e l o c i t y  a s s i g n e d .  
7. The number o f  d a t a  s t a t i o n s  used should  n o t  be  l e s s  t h a n  f i v e .  
8. Loca t i ons  where h i g h e s t  and l o w e s t  wind s p e e d s  a r e  a n t i c i p a t e d  
Should be chosen a s  d a t a  c o l l e c t i o n  s i t e s .  
9. A maximum number o f  g r i d  b l o c k s  shou ld  h e  e q u a l  t o  12,000.  
10, \ h e r e  topography  i s  assumed f l a t  by MATHkW, v e l o c i t y  ad ju s tmen t  
is  n e g l i g a b l e .  
11. A s  t h e  l e v e l  above ground i n c r e a s e s ,  a d j u s t e d  v e l o c i t i e s  beg in  
t o  d u p l i c a t e  i n t e r p o l a t e d  v e l o c i t i e s .  
12. ' h e  f i r s t  l e v e l  above ground c o n t a i n s  locz l .  v e l o c i t y  g r a d i e n t s .  
13. The h e i g h t  above ground f o r  which a d j u s t e d  wind f i e l d s  a r e  
d e s i r e d  should  be  between t h e  second and f o u r t h  l e v e l .  
g r i d  b l o c k s  . 
O b s e r ~ a t ~ i o n s  o f  Tes t  I1 n o t e  t h a t  a  m a l l  d e l t a  z  is i m p o r t a n t  s i n c e  
it a l l o w s  t h e  MATHI21 p rog rzn  i n  i n t e r p r e t  t e r r a i n  c o n d i t i o n s  i n  a  more 
d e t a i l e d  way ( i . e .  g i v i n g  a  more d e t a i l e d  p i c t u r e  o f  con tou r  t r e n d s )  
~ h i l e  Tes t  I11 shows t h a t  a s.;,ll d e l t a  x and d e l t a  y v a l u e  g i v e s  more 
d e t a i l  a s  t o  e x a c t l y  whsre t o p o g r a p h i c a i  g r a d i e n t s  e x i s t , .  A t r a d e  o f f  
t h e n  e x i s t s  between ',he g r i d  bioclc a r e a  and g r i d  b l o c k  h e i g h t .  Tes t  IV 
c o n f r o n t s  t h i s  d i l ema  by coifiparlng MATHaJ r u n s  w i th  g e o m e t r i c a l l y  
d i f f e r i n g  g r i d  b lock  s i z e s .  It i s  found t h a t  m a i n t a i n i n g  a g r i d  b l o c k  
volume w i t h  sma l l  h e i g h t  and a  l a r g e  a r e a  a l l o w s  t h e  MATHEW program t o  
a d j u s t  wind v e l o c i t y  v a l u e s  i n  a more comprehensive and c o n t i n u o u s  manner 
t h a n  m a i n t a i n i n g  a  g r i d  b l o c k  vo lme wi th  a  l a r g e  h e i g h t  and s m a l l  a r e a .  
Another i m p o r t a n t  obse rvz  t i o n  d e r i v e d  from a n a l y s e s  o f  t e s t s  
performed i s  t h a t  a s  t h e  l e v e l  ?Love ground i n c r e a s e s ,  a d j u s t e d  v e l o c i t y  
f i e l d s  beg in  t o  d u p l i c a t e  i n t e r p o l a t e d  v e l o c i t y  f i e l d s .  It is  then  
i m p o r t a n t  t o  r e a l i z e ,  b e f o r e  r unn ing  MATHEW, t h e  approx imate  h e i g h t  above 
ground f o r  which t h e  u s e r  d e s i r e s  wind v e l o c i t y  i n f o r m a t i o n .  Given t h i s  
h e i g h t  v a l u e ,  t h e  d e l t a  z v a l u e  may b e  d2terrnined s o  t h a t  t h e  d e s i r e d  
h e i g h t  l e v e l  is l o c a t e d  between t h e  second and f o u r t h  l e v e l s .  S e r i o u s  
c o n s i d e r a t i o n  of t h e  a d j u s t e d  v e l o c i t y  f i e l d  a t  t h e  f i r s t  l e v e l  above 
g round ,  because  i t  houses  many l o c a l  v e l o c i t y  g r a d i e n t s ,  i s  d i s c o u r a g e d .  
From T e s t  I11 it  was found t h a t  d e l t a  x and d e l t a  y  shou ld  be e q u a l  
t o  i n s u r e  an even d i s p e r s i o n  o f  l n p u t  v e l o c i t y  v a l u e s .  Conc lus ions  from 
T e s t  I imply t h a t  t h e  MATHEN a;-ea o f  i n t e r e s t  shou ld  be  l a r g e r  t han  t h e  
a c t u a l  a r e a  f o r  which v e l o c i t y  i n f o r m a t i o n  is  d e s i r e d .  In a l l  c a s e s ,  t h e  
topography  l o c a t e d  on t h e  n o r t h ,  s o u t h ,  e a s t  and wes t  b o r d e r s  o f  t h e  
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MATHEW a r e a  o f  i n t e r e s t  is n o t  g e n u i n e l y  d e s c r i b e d  because  o f  t e r r a i n  
ave r  ag ing .  
Having chosen a  EATHEW a r c a  o f  i n t e r e s t ,  a  d e l t a  z v a l u e  and assuming 
t h e  f i r s t  temperatul-c  i n v e r s i o n  l a y e r  i s  equa l  t o  app rox ima te ly  550 m ,  a  
d e l t a  x and d e l t a  y  v a l u e  (i,iiiich a r e  e q u a l )  may be  chosen k i i c h  a b i d e  by 
s t o r a g e  s p a c e  l i m i t a t i o n s .  The YATHEW r u n ,  P R I N C I ,  u s e s  M = 11 and N = 
11 and g i v e s  a c c e p t a b l e  1 - e s u l t s .  It i s  s u g g e s t e d  t h a t  w i t h  due  
c o n s i d e r a t i o n  o f  Tes t  I1 r e s u l t s ,  n e i t h e r  M nor  N v a l u e s  s h o u l d  be l e s s  
t h a n  e l e v e n .  
T e s t  V demons t r a t e s  t h e  L o p o r t a ~ c e  o f  d e t e r m i n i n g  a  r e a l i s t i c  
i n t e r p o l a t e d  v e l o i c i t y  f i e l d .  Although t h e  manner by which I4ATHEW 
a d j u s t s  v e l o c i t y  is a f u n c t i o n  o f  topography ,  t h e  amount o f  ad ju s tmen t  
and t h e  amount t o  be a d j u s t e d  a r e  de te rmined  by t h e  i n p u t  v e l o c i t y  
a s s i g n e d .  The p c s i t i o n s  i n  t h e  :IATHE$ a r e a  where t h e  h i g h e s t  and l o w e s t  
windspeeds  a r e  a n t i c i p a t e d  si lould t h e n  be t h e  l o c a t i o n s  o f  v e l o c i t y  d a t a  
s t a t i o n s .  t ! i l l t ops  and low1 aiids n i g h t  be a c c e p t a b l e  p o s i t i o n s .  For any  
g i v e n  a r e a ,  a t  l e a s t  f i v e  d a t z  s t a t i o n s  a r e  sugges t ed .  It a p p e a r s  from 
T e s t  V t h a t  t h e  amount of i n p u t  .$el -oci ty  d a t a  v a l u e s  h a s  no upper  l i m i t  
and t h a t  t h e  r e p r e s c n t a t i v c n e s s  o f  t h e  o u t p u t  wind f i e l d  i s  d i r e c t l y  
r e l a t e d  t o  t h e  number of i n p u t  d a t a  v a l u e s .  Also i m p o r t a n t  is an even 
d i s p e r s i o n  o f  d a t a  s t a t i . o n s  zo t h a t  no g r i d  p o s i t i o n  i s  l o c a t e d  a  l a r g e  
d i s t a n c e  from t h e  d a t a  s t a t i o n .  
The a n a l y t i c  method used t o  d e r i v e  MATHEW ( c a l c u l u s  o f  v a r i a t i o n s  
used t o  a d j u s t  t h e  i n i t a l  v e l o c i t y  v a l u e s )  and a  r e s u l t i n g  dependence o f  
o u t p u t  v e l o c i t y  v a l u e s  on s u b j e c t i v e  i n i t i a l i z a t i o n  a r e  l i m i t a t i o n s  o f  
t h e  model. S i n c e  t h e  model assumes t h a t  i n i t a l  wind f i e l d s  need o n l y  t o  
b e  min ima l ly  a d j u s t e d ,  t h e  impor tance  o f  hav ing  a  t r u l y  r e p r e s e n t a t i v e  
i n p u t  wind f i e l d  is e s t a b l i s h e d .  
I n i t i a l i z a t i o n  o f  i n p u t  d a t a  i s  p a r t i a l l y  s u b j e c t i v e  due t o  i n p u t  
paramete r  v a r i a b i l i t y .  Because a l l  i n p u t  p a r a m e t e r s  a r e  i n d i r e c t l y  
r e l a t e d  and v a l u e s  a r e  l i m i t e d  by computer s t o r a g e  s p a c e ,  t h e  o p t i m a l  
v a l u e  o f  a l l  i n p u t  pa r ame te r s  v a l u e s  s h o u l d  be  de t e rmined .  The c r i t e r i a ,  
t h e  a t t a i n m e n t  o f  t r u l y  r e p r e s e n t a t i v e  p h y s i c a l  i n p u t  i n f o r m a t i o n ,  may be  
used f o r  o p t i m i z i n g  pa r ame te r  v a l u e s .  A demons t r a t i on  o f  t h e  
r e l a t i o n s h i p  between i n p u t  p a r a m e t e r s  and MATHFdls i n t e r p r e t a t i o n  o f  
p h y s i c a l  d a t a  s e r v e s  a s  an a i d  f o r  r e a l i z i n g  t h e  above c o n s t r a i n t .  
S i n c e  t h e  r e s u l t s  and c o n c l u s i o n s  o f f e r e d  i n  t h e  p r e v i o c s  s e c t i o n  
a l l o w  an u n d e r s t a n d i n g  o f  t h i s  r e l a t i o n s h i p ,  t h e  a t t a i n m e n t  of a t r u l y  
r e p r e s e n t a t i v e  wind f i e l d  i s  f a c i l i t a t e d .  A s  an  a d d i t i o n a l  a i d  t o  t h e  
u s e r  o f  MATHEW, t h e  f o l l o w i n g  t a b l e  i s  g iven  (Tab l e  7 ) .  It recommends a  
s c h e d u l e  p rocedure  t o  be used f o r  i n p u t  paramete r  d e t e r m i n a t i o n .  Because 
t h i s  s c h e d u l e  p rocedure  i s  d e r i v e d  from t h e  c o n c l u s i o n s  o f f e r e d  i n  t h e  
p r e v i o u s  s e c t i o n ,  u s e  o f  t h i s  s c h e d u l e  a l l o w s  an a c c u r a t e  i n t e r p r e t a t i o n  
o f  wind c o n d i t i o n s  t o  be ach i eved .  
The use  o f  t h i s  p rocedure  i s  recommended f o r  a l l  a p p l i c a t i o n s  o f  t h e  
MATHEW program. However, because  o f  MATHEW1s l i m i t a t i o n s  which r e q u i r e  a 
Table 7. Sugges ted  Schedule  Procedure  
f o r  I npu t  Parameter  Dete rmina t ion  
GIVEN: Area f o r  which v e l o c i t y  i n f o r m a t i o n  i s  d e s i r e d .  
CHOOSE: MATIiEkl a r e a .  
GIVEN: Height  a t  which v ~ l o c i t y  i n f o m a t i o n  i s  d e s i r e d .  
CHOOSE: Delta z .  
CALCULATE: L  u s i n g  a;) approx imate  v a l u e  o f  550 m equa l  t o  t h e  f i r s t  
t e m p e r a t u r e  i n v e r s i o n  l a y e r  h e i g h t .  
G I V E N :  M x N x L  is l e e s  t han  12,000. 
CALCULATE: M a : ~ d  N rerner,.lering t h a t  d e l t a  x should  e q u a l  d e l t a  z. 
COLLECT DATA: Using no less than  f i v e  s ~ a t i o n s ,  c h o o s i n g  p o s i t i o n s  where 
h i g h e s t  and Lowest windspeeds  are  assumed t o  e x i s t  and by e v e n l y  
d i s p e r s i n g  t h e  d a t a  s t a t i o n s  s o  t h a t  no  l o c a t i o n  i s  a  l a r g e  
d i s t z n c e  frora 2 d a t a  s t a t i o n .  
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t r u l y  r e p r e s e n t a t i v e  i n p u t  wind f i e l d ,  t h e  a p p l i c a t i o n  o f  t h e  model 
s h o u l d  b e  c a r e f u l l y  c o n s i d e r e d .  For t h e  p o t e n t i a l  u s e r  o f  MATHEW, a t r a d e  
off e x i s t s  be tween t h e  d e s i r e d  a c c u r a c y  o f  d e s c r i b e d  wind c o n d i t i o n s  and  
t h e  e n e r g y  and c o s t  r e q u i r e d  t o  r u n  t h e  MATHEW program.  
With due  c c n s i d e r a t i s n  o f  t h e  l a b s r  and ccmpute r  time r e q u i r e d  t o  
p r o d u c e  t h e  a d j u s t e d  wind f l o w  f i e l d s  o u t p u t  from t h e  MATHEW program,  t h e  
wind p r o s p e c t o r  may d e c i d e  t h a t  a r e p r e s e n t a t i v e ,  b u t  less  a c c u r a t e  
i n t e r p o l a t e d  wind f i e l d  i s  s u f f i c i e n t  . 
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It is  noted t h a t  a l l  r e f e r e n c e s  t o  Chr i s t ine  Sherman's t e x t .  1978: 
wMATI.1E,4 - A Mass-Consistent Wind F ie ld  Model. Lawrence Livermore 
Laboratory Report UCRL . 52479 . 
A 1. SUBROUTINE TOPOG: 
T r a n s f e r s  t opography  v a l u e s  from Tape 47 and changes h e i g h t s  t o  
l e v e l s ;  expands  p o i n t  t o  f i t  MATKE'd a r r a y .  L e v e l s  a r e  a s s i g n e d  t o  I.:.9TllErl 
g r i d  ce l l s .  
1. Reads ave raged  topography  from Tape 47 a n d  p u t s  d a t a  o n t o  
CHEIGHT ( i ,  j). 
2. T r a n s l a t e s  h e i g h t s  from CHEICi - iT( i ,  j )  i n t o  l e v e l s .  F i n d s  l o w e s t  
s u r f a c e  l e v e l  and s e t s  t h a t  e q u a l  t o  ;II!jLVL. 
3. A d j u s t s  h e i g h t s  s o  t h a t  'I(* : c s t  s u r f a c e  h e i g h t  now c o r r e s p o t l d s  t o  
z e r o  l e v e l  ( i . e .  what had .een a  r a n z c  from 3 - 10 l e v e l s  is now 
a r ange  from 0 - 7 l e v e l s ) .  MINLVL = 0. 
4. P r i n t s  averaged s u r f a c e  l e v e l .  
Expands MATHEW a r r a y  suciq t h a t  t h e  nutfii~er o f  x a n d  y  c o o r d i n a t e s  
a re  doubled .  It a s s i g n s  e q u a l  s u r f a z ?  h e i g h t  v a l u e s  t o  t h e  
newly c r e a t e d  t o  r i g h t  and t o p  r i s h t  n e i g h t o r s  ( see  d i a g r a m ) .  
The LVL2DLX a r r a y  becomes t h e  LVLlDLX a r r a y .  
The s u r f a c e  l e v e l  height .  f o r  
t h e  L1JL2DLX a r r a y  a t  ( 1 . 1 )  
becomes t h e  l e v e l  h e i g h t  a t  
2 2  2  2  and ( 1 , 1 )  
f o r  t h e  LVLlDLX a r r a y ;  t h e  
s u r f a c e  l e v e l  h e i g h t  f o r  t h e  
LVL2DLX a r r a y  a t  ( 2 . 2 )  becomes 
t h e  l e v e l  h e i g h t  a t  ( 4 , 2 ) ,  
( 3 1 2 ) s  ( 4 , 1 ) ,  and ( 3 , l )  f o r  t h e  
LVLIDLX a r r a y .  In  t h e  d i ag ram 
t o  t h e  r i g h t ,  t h e  fornler 
LVL2DLX a r r a y  i s  marked by  o  
and t h e  new LVLlDLX a r r a y  is 
marked by x .  The a r r o w s  
r e p r e s e n t  changes  t h a t  o c c u r  by 
t r a n s f e r i n g  s u r f a c e  h e i g h t  
l e v e l s  from LVL2DLX t o  LVLIDLX. 
One may n o t e  t h a t  s i n c e  LnlDLX 
h a s  d imens ions  t w i c e  as  l a r g e  
a s  LVL2DLX. t h e  number o f  p o i n t  
r e q u i r e d  by LVLlDLX i s  f o u r  
t i m e s  a s  l a r g e  a s  t h e  number o f  
p o i n t s  r e q u i r e d  by  LVLZDLX. 
A2. SUBROUTINE YATTOPG: 
The v a l u e  o f  t h e  t c p o g r a p h y  g r i d  p o i n t s  o f  MATHEd a r e  s t o r e d  i n  t h e  
KMATTOP a r r a y .  The s a r f a c e  l e v e l  v a l u e  o f  e a c h  g r i d  p o i n t  is s e t  e q u a l  
t o  t h z  l a r g e s t  s u r f a c e  l e v e l  o f  t h e  f o u r  g r i d  ce l l s  s u r r o u n d i n g  it. 
V a l u e s  o f  g r i d  c e l l s  a r e  t a k e n  f rom t h e  LVLlDLX a r r a y  c r e a t e d  i n  
S u b r o u t i n e  Topog. In t h e  d i a g r a m s  t o  t h e  r i g h t  t h e  
f o r m e r  LVLIDLX a r r a y  i s  marked by x a n d  
t h e  new KMATTOP a r r a y  i s  marked by  o .  
The a r r o w s  r e p r e s e n t  c h a n g e s  t h a t  o c c u r  
b y  t a n s f e r r i n g  s u r f a c e  l e v e l  h e i g h t s  
f rom LVLIDLX t o  KHATTT. The p o i n t s  o f  
t h e  f o u r  c o r n e r s  o f  t h e  :.lATHFd s q u a r e  
a r e  a d j a c e n t  t o  o n l y  one  g r i d  c e l l  s o  it 
t a k e s  on t h o s e  v a l u e s .  5-1 o t h e r  words ,  
KMATTOP(1,l) = L'JLlDLX(l,l), 
KMATTOF(M, 1 )  = L!ZlDLX(M--1, I), 
KMATTCP(1,N) = LIILIDLX( 1,N-11, 
1. The g r i d  p o i n t s  a l o n g  t h e  o u t e r  b o u n d a r i e s  a r e  a d j a c e n t  t o  two 
p o i n t s .  The v z l u e s  o f  KHATTOP a t  t h e  t o p  and  b o t t o m  e d g e s  of  
t h e  MATHEW s q u a r e  a r e  found .  Fo r  exzrnple,  KllATTOP(2,l) = 
LVLIDLX(1,l). B J ~  i f  LVLIDLX(2,l) > LVLIDLX(1,1), t h e n  
KMATTOT(2,l) = LVLlDLX(2,2), and t h e  saae f o l l o w s  f o r  a l l  
p o s i t i o n s .  
2. Values f o r  l e f t  and r i g h t  boundary g r i d  p o i n t s  a r e  determined a s  
above. 
3. I n t e r i o r  p o i n t s :  now g r i d  p o i n t s  a r e  chosen equa l  t o  t h e  l a r g e s  
o f  f ou r  sur rounding  g r i d  c e l l s .  The sequence is  a s  fo l lows :  
1. Compare he igh t  a t  p o s i t i o n s  ( 1 , 1 )  and (2.2). 
2. Choose l a r g e s t  va lue  and c a l l  t h i s  winb. 
3. Compare h e i g h t s  a t  pos i t on  (1 ,2 )  and ( 2 , 2 ) .  
4. Choose l a r g e s t  va lue  and c a l l  t h i s  win t .  
5. Compare winb and win t .  
6. Choose l a r g e s t  va lue  and c a l l  t h i s  KHATTOP. 
This sequence c o n t i u e s  u n t i l  a l l  p o s i t i o n s  have been compared. 
The r o u t i n e  is shown i n  t h e  f i g u r e  below. Where 
I winb : t h e  l a r g e s t  o f  t h e s e  two 
values  chosen. 
wint = l a r g e s t  o f  t h e s e  two va lue s  
chosen. 
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4. Add one t o  each l e v e l .  
5. P r i n t  t he  KidATTOP ar ray .  
G r i d  d e s c r i p t o r s  i n  each  g r i d  b l o c k  a r e  a s s i g n e d  t o  t h e  MATHEW box 
u s i n g  t h e  a r r a y  I G R I D Z .  
1. Ass igns  a l l  IGRIDS b l o c k s  a  v a l u e  e q u a l  t o  -1. 
S e t s  u p  i n t e r i o r  i n d i c e s .  The v a l u e  a t  t h e  b l o c k  d e f i n e s  i t s  
p o s i t i o n  i n  r e l a t i o n  t o  t h e  s u r r o u n d i n g  s u r f a c e  a r e a .  S u r f a c e  
a r e a  l e v e l s  a r e  g i v e n  by KMATTOP. I G R I D S ( i , j , k )  f o r  a l l  
i n t e r i o r  i t ~ t i i c e s  h a s  an a s s i g n e d  v a l u e  g r e a t e r  t h a n  o r  e q u a l  t o  
0 and l e s s  t h a n  o r  e q u a l  t o  31. See C h r i s t i n e s  Sherman 's  
t h e s i s ,  p .  23, f o r  t h e  t a b l e  which c o r r e l a t e s  boundary  
a s s ignmen t  f o r  i n t e r i o r  g r i d  p o i n t s  w i t h  g r i d  d e s c r i p t o r s .  Note 
t h a t  when a n o t h e r  I G Z I D S  v a l u e  
a s s i g n e d  i s  g r e a t e r  t h a n  o r  e q u a l  
t o  0 and l e s s  t h a n  o r  e q u a l  t o  15, 
K = k-1 where k h a s  an a s s i g n e d  
r a n g e  from KMATTOP+l t o  L-1 and K 
= KMATTOP s o  t h a t  K = KMATTOP = 
(KMATTOPc1)-1 = k-1 a p p l i e s .  In 
t h i s  way t h e  k  p o s i t i o n  is e x a c t l y  
one l e v e l  above t h e  t e r r a i n  h e i g h t  
a t  t h e  (i, j) p o s i t i o n .  The 
d i ag ram on t h e  l e f t  shows a  t o p  
ve iw o f  g r i d  p o i t i o n  ( i , j )  and i t s  
n e i g h b o r s .  I n  t h i s  way we compare 
t h e  l e v e l  k  (which  r a n g e s  from 
KMATTOP+l TO L-1) t o  t h e  s u r f a c e  
h e i g h t s  (KMATTOP) a t  s u r r o u n d i n g  
g r i d  p o i n t s  and a t  t h a t  g r i d  p o i n t  
i t s e l f .  
For t h e  d iagram above ,  i f  
KMATTOP(i,j) = k-1 
One may r e f e r  t o  Shernian, p. 
23. t o  f i n d  t!lat IGRIDS(i ,  j )  = 
31 It  s h o u l d  be  no ted  t h a t  
f o r  KMATTOP(i-1,j) > k(i,j), 
t h e  boundary Setuesn 5hese two 
p o s i t i o n s  is  c l o s e d  and f o r  
KMATTOP(i+l,j) < k ( i , j )  t h e  i- I i 'h 
boundary  between t h e  two n o s m  OFEN XUJOAFFI ~ O U N ~ A R Y  
p o s i t i o n s  is  c o n s i d e r e d  open.  
\ 
3. S e t  up i n d i c e s  f o r  x = 1 .  I f  KI.IATTOP(i-1, j )  < k ( i ,  j ) ,  t h e n  
I G R I D S ( i - l , j  = 101 o r  102. I n  t h i s  way, t h e  l e f t  hand 
b o u n d a r i e s  have  g r i d  v a l u e s  e q u a l  t o  -1 i f  c l o s e d  and 101 o r  102 
i f  open.  
4. S e t  boundary  i n d i c c s  a t  x = N .  The same p r o c e d u r e  a s  abova 
e x c e p t  t h a t  IGRIDS(i , ; ,k )  e q u a l s  -1 i f  c l o s e d  and 103 o r  104 i f  
open .  
5. S e t  boundary  i n d i c e s  a t  y  = 1. The same p r o c e d u r e  a s  above  
e x c e p t  t h a t  I G R I D S ( i , j , k )  = - 1 .  I f  a c l o s e d  boundary  e x i s t s  and 
e q u a l s  105 o r  106 i f  an open boundary  e x i s t s .  
6. S e t  boundary  v a l u e s  a t  y = M. T h i s  is t h e  same a s  above e x c e p t  
i n d i c e s  a s s i g n e d  a t  IGiiIDS(i ,  j , k )  e q u a l  -1 i f  c l o s e d  and 107 o r  
108 i f  open.  
7. S e t  boundary i n d i c e s  a t  z = L  and a t  z = KMATTOP For z = L, a 
v a l u e  o f  109 i s  g i v e n .  For z = KPIATTOP, an I G R I D  v a l u e  o f  200 
is i n i t i a l l y  a s s i g n e d  and t h e n  t h e  a p p r o p r i a t e  number is  added 
on which depends  on t h e  p o s i t o n s  o f  i t s  n e i g h b o r s  and t h e  IGRIDS 
v a l u e  a t  KMATTOP+7. 
A summary of s t e p s  4-7 j.s g i v e n .  














z = KMATTOP 
ALL P O I N T S  
C R I T E R I O N  
M A N Y  
BELO'<! 
GROUND 
A 4 .  SUBROUTINE SETUP: 
Se t s  up coef f i c ien t s  for  the d i f f e r e n t i a l  equation (equation 1 4 ,  p. 
22, Sherman). It def ines ,  by using data statements,  the constants  A 1  ( 1 )  
thru A1(32), A2(1) thru A2(32), e t c .  t o  A9(1) thru A9(32). Al, A2, e t c .  
ax 2 a 2 0 x 2  refer A B~ X (-1 , Cm x ($1 (-) etc .  i n  Sherman's equations. h e  ar ray  m ,  AY LY 
descr ip tor  numbers, 1  t o  32 r e f e r  t o  grid descr ip tor  values, IGRIDS(i,j),  
assigned for  specif ied boundary condit ions i n  Subroutine Grides . 
Combining equations 27, 28 and 29 one obtains equation 39 fo r  t h e  x 
di rec t ion  
We may look a t  only the  x di rec t ion  s ince  the  y and z di rec t ion  
coef f i c ien t s  a r e  derived i n  a  s imi lar  way. Using Tables 2 and 3  oT 
Sherman, we may develop the following t a b l e  which gives us boundary 
condition cases verses coef f i c ien t .  Following t h i s  t a b l e  i s  shown for  






For  t h e  fo l . lowing  examples ,  one  s h o u l d  n o t e  t h a t  s i n c e  o n l y  t h e  x 
d i r e c t i c r ,  i,s o f  c o n c e r n ,  o n l y  t h e  i s u b s c r i p t  is g i v e n .  To c a l c u l a t e  t h e  
c o n s t a n t s ,  1:1e know 
1.  Foi- c a s e  C 1  
Coxbin ing  
2. For case C2 
3. For case C3 
4. For case C4 
A5. SUBROUTINE PWLAW: 
T a k e s  i n i t i a l  v e l o c i t y  v a l u e s  i n  b o t h  t h e  x  and  y  d i r e c t i o n s  and  
e x p a n d s  t o  a l l  l e v e l s  ( i . e  f rom D!ATTOP+l t o  t h e  t o p  l e v e l ,  L) .  Pwlaw 
u s e  t h e  r e l a t i o n s h i p  
where  uo is t h e  i n i t i a l  v e l o c i t y  v a l u e  a t  h e i g h t  zo Note t h a t  f o r  a l l  
MATHElJ r u n s  p e r f o r m e d ,  t h e  r e f e r e n c e  h e i g h t  was a s s i g n e d  e q u a l  t o  50 n. 
The v a r i a b l e  u  is  t h e  c a l c u l a t e d  v e l o c i t y  a t  h e i g h t  z and a i s  t h e  s h e a r  
c o e f f i c i e n t .  
A6. SUBROUTIXE SETORIG: 
Assigns  t h e  TLAN a r r a y  ( t o  be used f o r  s t o r i n g  t h e  Lagrangian 
m u l t i p l i e r  v a l u e s )  = 0. The r ight-hand s i d e  of  t h e  d i f f e r e n t i a l  equa t ion  
(equa t ion  2 9 )  is c a l c u l a t e d  us ing  i n t e r p o l a t e d  v e l o c i t y  v a l u e s .  Th i s  
p rocedure  i s  performed f o r  a l l  i n t e r i o r  g r i d  p o i n t s .  The c a l c u l a t e d  
v a l u e s  a r e  s t o r e d  i n  t h e  O R I G  a r r a y .  
1. S e t s  a l l  p o i n t s  i n  t h e  TLAM and O R I G  a r r a y s  = 0. 
2. C a l c u l a t e s  ORIG( i , j ,k )  f o r  a l l  i n t e r i o r  p o i n t s  
where u0 and v0 a r e  i n t e r p o l a t e d  v e l o c i t y  v a l u e s .  S i n c e  
Then 
- - .- . -. . - - - - - . 
1 ( i , ,  a$.2 CY: 
A 7 .  SUBROUTINE SETUW: 
Averages in terpola ted  veloci ty  values a t  each g r id  pos i t ion .  These 
values w i l l  be l a t e r  used i n  ca lcu la t ing  adjusted ve loc i ty  values. It i s  
noted t h a t  t h i s  procedure i s  discuszed i n  sect ion 5.1.2. 
1. Sets  in terpola ted  veloci ty  values for  a l l  grid c e l l s  i n  the  
MATHEW box ( i . e .  t h i s  includes grid c e l l s  t h a t  a re  located 
beneath surface) .  Velocity values for  below ground pos i t ions  
have a  value of zero. 
2. Calculates 
where u0 and v0 a re  the  average in te rpo la ted  ve loc i ty  valces i n  
the  x and y  d i rec t ion  respect ive ly .  
A8.  SUBROUTINE ADJUW: 
C a l c u l a t e s  a d j u s t e d  v e l o c i t y  v a l u e s  by u s i n g  e q u a t i o n s  32. 33 and 34. 
The a p p r o p r i a t e  n u m e r i c a l  e q u a t i o n s  f o r  - c a l c u l a t i o n s  f o r  g i v e n  dn 
boundary  c o n d i t i o n s .  Boundary c o n d i t i o n s  have  been d e f i n e d  by  g r i d  
d e s c r i p t o r  v a l u e s  and u o ( i  , j ,k) is t h e  a v e r a g e  i n t e r p o l a t e d  v e l o c i t y  
v a l u e  f rom S u b r o u t i n e  Setuvw. Note t h a t  t h e  ave raged  i n i t i a l  v e l o c i t y  is 
c a l c u a l t e d  f o r  a l l  p o i n t s  e x c e p t  a t  KI4ATTOP. The Lagrang ian  m u l t i p l i e r  
v a l u e s  have  been s o l v e d  f o r  i n  t h e  main program by s o l v i n g  t h e  p a r t i a l  
d i f f e r e n t i a l  e q u a t i o n  u s i n g  a n  i t e r a t i o n  p r o c e d u r e .  
1. For  t h e  t i m e  b e i n g ,  we s h a l l  r e s t r i c t  ou r  a t t e n t i o n  t o  n u m e r i c a l  
e q u a t i o n s  s p e c i f i c  o n l y  t o  i n t e r i o r  g r i d  p o i n t s .  Tne t a b l e  on 
t h e  f o l l o w i n g  page compares  g r i d  d e s c r i p t o r s  and boundary  
c o n d i t i o n s  f o r  t h e  x  and y d i r e c t i o n s .  (See  Sherman,  p.  23). 












The bounda ry  c o n d i t i o n s  a re  s c h e m a t i c a l l y  d e s c r i b e d  be low.  
CASE C1 
m H i '4 
CASE C2 
k 
& I  i I- i 
CASE C3 
. .JTB Ci i i-I 
CASE CL 
a -  LI i i-I 
CASE C5 
. m  
h i r! 
. < 
CASE C6 
@zm4 +I i 
CASE C7 
. r l  JTB i - i * I  
CASE: C8 
a7EZ i-1 J & 
dX 
- 2. In S u b r o u t i n e  Adjuvw, an  i s  r e q u i r e d  t o  c a l c u l a t e  t h e  a d j u s t e d  
v e l o c i t y  v a l u e s .  Tne e q u a t i o n s  u s e d  ( s p e c i f i c  t o  b o u n d a r y  
c o n d i t i o n s  a t  e a c h  g r i d  p o i n t )  a r e  g i v e n  be low.  It I s  n o t e d  
t h a t  hre a r e  o n l y  ~ f e i w i n q  i n t e r i o r  g r i d  p o i n t s .  i e  nay l o o k  o n l y  
a t  e q u a t i o n s  u s e d  i n  c a l c u l a t i o n  o f  i n  t h e  x d i r e c t i o n  since 
t h e  o t h e r  d i r e c 2 i o n s  e s s e n t i a l l y  f o l l o w  t h e  same p a t t e r n .  To 
c a l c u l a t e  t h e  a d j u s t e d  v e l o c i t y  i n  t h e  x d i r e c t i o n  
F o r  t h e  c a s e s  C 1  t h r u  C4 l i s t e d  i n  t h e  t z b l e  a b o v e  g i v e n  v s l u e s  
of t h e  L a g r a n g i a n  m u l t i p l i e r ,  A ,  must  be  c a l c u l a t e d  b e f o r e  t h e  
a b o v e  e q u a t i o n  may b e  u s e d .  
1. C a s e  C2 
C a l c u l a t e  . S i n c e  a t  i - 1  a  
c l o s e d  b o u n d a r y  e x i s t s ,  on aay  u s e  
a f i r s t  b a c k u a r d  d i f f e r e n c e  
e q u a t i o n .  
2. Case C3 
C a l c u l a t e  Xi+, . One may u s e  f i r s t  
f o r w a r d  d i f f e r e n c e  a n d  s i n c e  t h e r e  
is a c l o s e d  b o u n d a r y  a t  i + l ,  
3. Case C4 
C a l c u l a t e  Xi-, and A,., . We know 
t h a t  t h e  boundary  is c l o s e d  a t  i + l  
and i-1 s o  t h a t  
i l l  i i i i  
We have  
S u b s t i t u t i n g  
4. Case C 1  
C a l c u l a t e s  n o t h i n g  s i n c e  
n e i g h b o r i n g  b o u n d a r i e s  a r e  open. 
3. Open Boundary p o i n t s  a r e  examined. T h i s  i n c l u e d s  g r i d  c e l l s  on 
x = l , x = M , y =  1,  y  = N and z = L. It is o n l y  n e c e s s a r y  ( a s  
f o r  i n t e r i o r  g r i d  c e l l s )  t o  d e r i v e  c o n s t a n t s  f o r  v a l u e s  i n  
one  d i r e c t i o n  s i n c e  i n  t h e  y  and z d i r e c t i o n  t h e  same t e c h n i q u e  
may b e  used .  We w i l l  a g a i n  d e r i v e  c o n s t a t n s  a p p l i e d  t o  t h e  x 
d i r e c t i o n  f o r  x = 1 and IGRIDS(i , j )  = 101 o r  102. 
1.  IGRIDS(i , j )  = 101 
The t e r r a i n  a p p e a r s  a s  is s e e n  on 
t h e  l e f t .  A t  x = 1 an  open 
o boundary exists.  In t h i s  way, 
Using a backward f i r s t  d i f f e r e n c e  
As above an open boundary  a  x = 1  
e x i s t s .  But a t  x = 2 o r  a t  i + l  a 
c l o s e d  boundary  exists.  
S u b s t i t u t i n g  
JX 8X,! 
- = -  
ax ,  3Ax 
3. The f i r s t  d e r i v a t i v e  of w i t h  r e s p e c t  t o  x f o r  I G R I D S ( i , j )  
= 103 or 104 a re  d e r i v e d  i n  a s i m i l a r  manner .  
4. A l l  g r i d  p o i n t s  on t h e  t o p o g r a p h y  h a v e  g r i d  d e s c r i p t o r  v a l u e s  
g r e a t e r  t h a n  290. G r i d  d e s c r i p t o r s  f o r  t h e  x d i r e c t i o n  bounda ry  
c o n d i t i o n s  a r e  g i v e n  v a l u e s  o f  13, 20 ,  30 t o  90 and 
c o r r e s p o n d i n g  y  d i r e c t i o n  d e s c r i p t o r s  a r e  g i v e n  v a l u e s  o f  i ,  2 ,  
3 t o  9. S i n c e  t h e r e  a r e  n i n e  c a s e s  f o r  t h e  x and y  d i r e c t i o n ,  
b o t h  o f  t h e s e  v a l u e s  are  added t o  t h e  i n i t a l  200 v a l u e  t o  g i v e  
a n y  number S e t x e e n  211 and  299. S i n c e  u v a l u e s  a r e  o n l y  
d e p e n d e n t  on t h e  x d i r e c t i o n  and  v  o n l y  on t h e  y ,  we may n o t e  
t h a t  t h e  t e c h n i q u e  f o r  c a l c u l a t i n g  L a g r a n g i a n  m u l t i p l i e r  v a l u e s  
is t h e  same a s  f o r  i n t e r i o r  and e d g e  p o i n t s  and  a c e d  n o t  be 
documented  h e r e .  For  a l l  c a s e s ,  t h e  s u r r o u n d i n g  t e r r a i n  
c o n d i t i o n s  a r e  c a t a g o r i z e d  and  d e f i n e d  by a s s i g n e d  gr:d 
d e s c r i p t o r  v a l u e s .  Boundary c o n d i t i o n s  a r e  a p p l i e d  a c c o r d i n g l y .  
These  bounda ry  c o n d i t i o n s ,  u s e d  i n  con  j u n c t , i c n  u i  th  t h e  
n u m e r i c a l  d i f f e r e n c e  e q u a t i o n s  p e r m i t s  t h e  c a l c u l a t i o n  o f  
L a g r a n g i a n  mu1 ti p l i e r  v a l u e s  and t h e  f i r s t  d e v i a t i v e  o f  t h e  
L a g r a n g i a n  v a i u e s  a t  any g r i d  p o s i t i o n .  Tne v e l o c i t y  a d j u s t m e n t  
e q u a t i o n s  a r e  t h e n  u s e d .  e v e l o c i t y  compon?nt ,  u ,  is 
c a l c u l a t e d  f o r  x = cons t an t ;  g r i d  e d g e s ,  v is c a l c u l a t e d  f o r  y  = 
c o n s t a n t  g r i d  v a l u e s  and w f o r  z = c o n s t a n t .  
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0 0 2 9 0  9 E A 3 ( 3 , 1 1 )  XS (T)rYS(T) :SFCi-(GT!I)  r S F C S 3 C l ( I )  r S F C O I F : ( I )  
Oil292 P R I N T ' r X S ( I ) r Y S ( I )  rSFCHT,T(I),SFC532I'I),SFC31?(1) 
0 0 3 0 5  1 '30  C9"ITTNUE 
O G ~ i O C  
0 0 3 2 0  Q E A D ( S r l Z 1  R E F I F 2 R S L  
GO33CC 
OC)3hU 03 1 1 0  I = I , N S  
O i l 3 5 0  SPEEDSF ( I ) = S F C S P O  (1) + ( R E f / S F C t { C :  T (I ) ' C r ? W i 7 S L  
0 0 3 5 0  1 1 0  C C N T I N U E  
0 0 3 6 1  D C  1 4 0  I = l q 2 3  
0 0 2 6 2  DCJ 1 4 0  J=1,35 
00362  S P G I N T R C I r  J I = g . i l  
0 0 3 6 4  S I N I # T F . ( I q  J l = O . O  
0 0 3 5 5  C O S I N T 2  (1, J ) = O * O  
0 9 3 6 E  1 4 3  COhTTNUE 
0 0 3 7 0 C  
O G ?  9 0 C  INTERPCILATE THE SPEEG 
093903 
0 5 4 0 0  S b t L  I N T E R  ( S P E E C T F  , X S I Y S , N S ~ S F C I ~ ~ T ?  j 
0 0 4 5 0  COSDRSF(II=-COS(AKGL€) - 
0 0 4 6 0  120 C O N T I N U E  
O i I L 7 0 C  
OOa8G CALL INTtQ(SINZFSF,XSqYS,KS9SIKIKTS) 
OO&¶OC 
0j500- C A L L  I N I E R ~ C C S ~ F ; S F , X S I Y S , K S , C O S I I ~ T ~ )  
0 0 5 1  OC 
0 0 5 2 0  00 1 3 0  I = 1 * 2 3  
0 0 5 3 0  00 1 5 3  J = 1 , 3 5  
GO540 U0?EF[IrJ!=SfOIKT211,j)+SINIYT~IIrJ) 
0 0 5 5 Q  VOREF  ( i q J ) = S P D I P ! T i 7  (I,j ) ' C C S I ; < T F ( T , J _ )  
03560 W?ITE(ZO ,131 I* J q U G 8 E F ( I r L )  r V C G E i ; ( l * J )  
0 0 5 7 0  150 CGYTTP!IIE 
0 0 5 9 0  1 3 0  C O i 4 T I N U t  
OO5QOC 
OGSOO 10 F G = Y A T ( T 3 )  
0 0 5 1 0  - 11 F O ? Y & T ( F 3 s ' J . ~ 6 * 0 . F h .  2 *F6m2,~5o : l  
0 0 6 2 9  12 F C ? Y A T { F 5 o Z r F 4 * 2 i  
O d e 3 0  1 3  F 3 R M A T  ( 3 , 3 , 1 3 ~ f 6 . Z * F 5 . Z )  
OC640C 
0 0 5 5 0  STOP 
OOCuSC! E N 2  
0 0 6 7 0 C  
Ogb 3 ~ ~ * i ' * C i ' L + L i * * C + ~ C + Y * * C * * * i i * + * + * * : * * C C + I * * * + ~ * - Z + L * + + * J + * * : + * i * + L  
OJSGCZ f ~ g 7 o p 1 , '  S U q R 3 U T I  NE TI; 30 INTEZPC)LEiT13N US I?!G 1 / ? * + 2  iCI .v 'J 
i;;:;E*+***+ * * * * * * * * * * . + * + . * * C * * . .  * * * * C * . * * C . C * * C i + * i . * * * + . * * * C * . + . * + +  
0073cc 
OiI7hC S U 3 7 O U T I U S  INTEF i (QVA t , ; i X r i i Y  r N S  r O V A t )  
037EC)r: 
0 4 7 7 0  OI~YE?ISIO?9 2 V A L ( 5 l r ) ? X  (51 r8Y(S)r3 '1PL ( S 3 ~ 3 5 ) r ?  ( 3 )  rR'I ( 3 )  
0 0 7  50C 
UG79C I F ( N S . N E . i )  00 TO Z O O  
0050ClC 
00815 !lC 290 1 - 1 - 2 3  
00821) DO 20'l J = l r 3 f  
f lu830  OVbC ( I , J ) = E V A L ( 5 1  
T O O  
33G 
/ J C  ? 
T h I c C ( C Y 3 2 7 2 0 ' i  , 7 1 9 2 ~ )  us ~2 . : q ? ? ~ e ~ ; ~ : ~ t : j .  
GET, 7 c P E 2 3 = * 4 $ 3 T ; 2 3 ,  
G E T , T A ~ E ~ ~ = ~ ? G , T ~ ~ ~ .  
GET ,  7 APE49= : l 55Ta49*  
GET, T3 * E ¶ 6 = ? 9 6 T ? 9 6 .  
G E T *  " 2 T L ¶ i ,  
ATTPCS, T ~ ? P E 2 1 = : . f ? i , T P 2 1 / " ? ~  
A T T A C d ,  TAPE 9 5 = U 9 5 T P 3 i j / Y = X  
ATTACH9 TAPE3;'='.1'15T?97/y=$1 
FTN ( I = M S T L 9 5 s S E 3 , T S  1 
CGC. 
R E P C A C E ~ T A P E ~ ~ = ~ Q ~ T ~ L ~ .  
R E P L F C E , T 4 ? E 3 3 = ' ~ ¶ 6 T ~ q 5 *  
GOTOT I. 
E X I T .  
B2.7 RESLL, RESL2 
88:19s PR'JGi',iIY REEL$! INPUT ~ O U T P L ' T ~ T A P E ~ ~ T  T A P E 1 4 1  
00120C T H I S  P R O G R A Y  CCYFUTES TOTAL V E L C Z I T ' f  1 N TWO 
0 0 1 3 0 C  OLPfENSI3EIS USIl\it THE I ? i T  E.?POtATECl V E L G C I T Y  CG3PONEVTS COKPUT E 
0 0 1 4 0 C  BY THS H A T H E A  P R C G R A Y  (S?ITITLED Y A T L L L ) .  THE O U T P U T  T A P E  
0 0 1 5 0 C  ( T A P E L L )  I S  I!] A F O R M A T  SUITABLE F O R  P L O T T I N G .  
00160C V E L O C I T I E S  A2E 1F.I  MPH* 
00170C 
001 8 0 C  ALL AKZAYS 3 U S T  RE OIPENSIONED. 
00190C 
0 0 2 0 0  O I H E N S I O N  U ( i i , i i l t V ( I l t  1 1 ) + W ( 1 1 r 1 1 ) ~ U 2 ( 1 1 ~ 1 1 ) r U 3 ( 1 i ~ ~ i )  
0 0 2 1 0  O I Y E N S I O N  X ( l l l r Y ( 1 l l  
0 0 2 2 0 C  
0023irC HATKEN G R I D  S T Z U C T U R E  MUST SE S F E C I F I E C ] .  
THE LEVEL TO Q E  PLOTTED HuST 3: S P E C I F I E ~ J .  
REAO (86pi5) r KNORD 
1 5  F C T ? ? ? A T t A 3 )  
9 9  C O F d T I N U E  
OATA I S  T4KEN AT E A C H  HORIZONTAL G R I D  P O I N T .  
GET T O  CORRECT P O I N T  ON I N P U T  TAPE. 
08 40 J 3 = l r  I S K I P  
R E A O  (86vL51 + D  
40  CONTINUE 
5 R E A O  ( 3 6 ~ l i l r L l  
ISKIP=L-~EVEL-LI 
DO 5 0  J 4 z I . r  LEVEL 
?EAD ( 8 6 p I 2 ) p U ( J l ~ J Z )  r V ( J l r J 2 ) r W  ( J i t J Z )  
GO TO S Q  
5 0  C O N T I N U E  
3 0  CCINTINUE 
3 5  C O N T I N U E  
COH3INE T H E  U~VIAND # COHPONENYS 
00 60  I = l s H  
DO 60 J = l t ' i  
U 2 ( I r J ) = S Q F i T ! U ( T ? J ) + ' 2 + ' J ( I , J ) * * 2 )  
U 3 ( I r J ) = S Q R T  ( U  ( I t J l  +*2+V (IvJ) + * ? + ' d ( I r J ) + * 2 )  
U 2  (I T J )  = 2 *  237+U2 (IT J) 
U3 ( I + J  ) = 2 * 2 3 7 * U 3  ( I v J )  
6 0  CONTINUE 
SET UP C C O R 3 I N A T E  G R I C  P O I N T S *  
18t28 7 0  X ( I ) = X A h ? + T  t)C 90 J = ? - N  
00660 80 Y ( J I = Y A + i i * J  
00670C 




OJ720C WiiITE O U T  COHRINED V E L O C I T Y  ONTO TAPE* 
00730C 
00740 H!?fTE ( I 4 ~ l ~ ) r ~ ( X ~ I I v Y i J l p U 2 ( I ~ J I ~ J = 1 ~ N l ~ I = i ~ I Y )  
00750 W2ITE, ( 1 4 , 1 4 ) , 1 E I P  
0 0 f S h  HRIT_t  ( i k r 1 3 )  t _ ( ( X ( i I l r Y ( J ) r U 3 ! I v J )  r J = i t N I  r I = l r H l  
00756 N R I T L  (14914) 9 L E I P  
00760C 
00770 10 F C - A T  T112X1F6.2) 
00730 11 F O E M A T  ?5X ,  13) 
00790 12 FCF? '1AT [3 (3X , f 5 .2 ) )  
B a a 0 0  13 F O q ' 4 A T ( Z F 5 * 0 t F 8 . 2 )  
00810 1 4  F C R Y A T  ( 2 0 X r 1 2 )  
€!a0 - ----- - - --. 
A OOiOO - P R O G R A N  p.ESb2 [ INpUT,O!JTPUTtTAPEZl.r T C P E l 6 )  
o o i 1 0 c  
00120C THIS PPOGRAf l  COMPUTES TClTAL VELCCITY  It4 T U O  
00130C DIHENS13P;S U S i N G  THE 1NTEi iPC)LATEO VELOCITY  CCHPONENTS CClHFLlTE 
OOI4OC BY THE YGTuEH PROGRAH ( E N T I T L E 3  MATLLL) .  THE O U T P U T  TAPE 
00151)C ( f 4 P E 1 6 1  I S  I N  A F O R Y A T  SUITABLE F O R  PLGTTING. 
00160C V E L O C I T I E S  ARE IN RPH. 
00170C 
001 80C ALL A R R A Y S  YUST BE OIHENSIONED. 
HATHEW G R I D  s n u r  a€ V U S T  s~ SFECIFIEO. 
D A T A  n,N,Lri l , i i . .  r 
THE LEVEL TO BE p t .3TTEO MUST BE SPECIFIED* 
DATA IS 'TAKEN AT EACH HORIZONTAL G R I D  P O I N T *  
GET TO COR2ECT POItdT ON INPUT TAPE. 
cow7 IX\IJE 
C O N T I N U E  
C O N T  I ~ U E  
C O H D I N E  THE U9 V 1  AN0 W COMPONENTS 
i?(??Jf:!?$r ( u ( r , J  I + * z + v  (I,:, 
0 0 5 6 0  U Z  (IqJ)=2.237*U2 ( I s J )  
0 0 5 7 0  5 0  C O N T I N U E  
0 0 5 8 0 C  
005 9 0 C  S E T  U p  C O O R D I N A T E  G R I S  POINTS. 
0 0 6  OOC 
0 0 6 1 0  XA=154. 
0 0 6 2  0 YA=684.  
0 0 6 3 0  00 7 0  I = i t H  
0 0 6 4 0  70 X ( I ) = X A + ? * I  J 
0 0 6 5 0  D O  8 0  J = I T N  
0 0 6 6 0  8 0  Y ( J ) = Y A + l l S J  
0 0 6 7 0 C  
0 0 6 8 0 C  SET UP C O O R D I N A T E  G R I D  POINTS. 
0 0 6 9 0 C  
0 0 7 0 0  I E 1 3 = 9 9  
0 0 7 1 0 C  
0 0 7 2 0 C  WRITE OUT C O H E X N E D  V E L O C I T Y  ONTO T A ? E .  
0 0 7 3 0 C  
0 0 7 4 0  HRTTE t16vi3)r ( ( X ( I ) ~ Y ( J I , U Z  ( 1 r . j )  r J = 1 7 N ) , I = i . r I Y )  
n o 7 5 0  W R I T E  ( 1 5 r 1 4 ) , I E f P  
0 0 7 6 0 C  
82.8 SUBTRAC 
P$PP .I S 'JBT21C TNP 
J ? o G R A ~  O E ~ E F Y  
TXEEU THE P g J U S T E  
I T Y  V P L U E S  I N  THE 
S T A P i C E  Ai3Ol lE  G G O G  
S VELOCITY D I F F E Z  
S VALUES. T A P E  I 




Y A T H  
:,3 LE 
E4CE, 
5 G I V  
' J E  LI 
,TAPE l r T 2 p E l  jnSr ;3E : I ; I R ~ C E  
HE I N T  E s P C L A T E g  ' IEL -  ( P G T L L L )  A T  A S P E C I F I E C  
T E R H I N E S  THE AVEZA GE 
M ,  AND THE N I : 4 1 3 U M  
P R O G  
L. 1 
HE H A  
R H S  
2A M 
T OE 
X I H U  
VALU 
O I H E N S I O N  UAO ( 2 3 r 3 5 1 r  V A D  (239351 
DIHE;44SION UXN ( 2 3 9 3 5 I r  VI?.( ( 2 3 ? 3 5 )  
D I H E N S I O N  U I  1 2 3 7 3 5 )  + U O I F l ( 2 3 r 3 5  
D I Y E N S I O N  MX ( 2 3 )  *HY ( 3  51 
M X L I J L =  5 




COUIJTD = O  
COUNTE=O 
READ ( 9 6 t 2 l ) + K N O R D  
FOi iYAT ( A 9 1  
9 C O Y T I N U E  
00 9 0  J 3 - I r I S  
REA3 ( 8 6 9 1 0  
READ ( 2 1 9 L 1  
C O N T I N U E  
REAC) ( 8 6 r 2 4 ) r  
R E A O  ( 2 1 1 2 4 )  r 
X S K I P = L - L E V E L  
K I P  
1 1 0  
901  
DO 40 J 4 = I , L E V E L  
?EAD ( 8 6 r 2 5 3 ) U A O ( J f r J Z ) * V A D ( J l  
9EAD ( 2 1 , 2 3 )  U I N I J L , J Z ) r V I N ( : J  
C O N T I N U E  




- A N D *  
..2 1 COUN 
0.3)  COUN 
0 . 4 )  COUN 
- . 5 )  COUFl 
. I 1  COUNT 
C O U N T E t I  
OUNTF+L 
UEJTG + I  2 )  COUNTG 
3) COUNTH 
L S )  COUNT 
C O N T I N U E  
C O N T I N U E  
U!?ffS=SQRT [USUfl /FLOb T ( HrN 1 )  
WRITE $ 5 7  LEVEL7UEHS 
F C R H I T I F A T  LEVEL = + T L X T I Z ~  
VALUE I S  'r l X r F 6 - 2 r l X ~ + H P  
H 2 I T E  $ 6 9  U Y A X *  UH IN 
FORPIAT(+THE 2ANGE CF O I F F  
O F * t l X , F 6 . 2 ~ l X * * A N O  A HIN 
E2ENCE VALUES L 
I X L I H  O F P I  I X r F j *  IES i3ETrtE 2 9 1 x 9  *MPH 
WRIT E ( i 8 r 3 1 )  rCO(JNTA 
FORPIAT ( " T H E  NUHbER OF 
W R I T E ( 1 3 q 3 2 )  ,2OUf iTB 
FORYAT ('THE NUHBEP OF 
W21TE(19933 )  .COUNTC 
FOqHAT (*T! iE NUHBEF? O F  
HRITE(I8v 3 4 )  TCOUNTD 
F O R ' I A T  { * T H E  NUMBER OF 
W R I T E ( 1 8 , 3 5 1  p C 3 U N T E  
FOR?lAT(*THE NUYSER OF 
S T A T  
ST AT 
S T A T  
STAT 
S TA 
I O N S  BTWN 0 & s l  
I O N S  BTW?4 .I S 
I O N S  BTiil.! 02 &, 
IONS BTKS - 3  5, 
T I O N S  BTWN - 4  & 
IONS, BTHN - 6  S 
IaNS ~ T w ? I  1. L 
I S N S  BTY?! 20 h 
i C N S  BTHN 3. & 
CL TY D I F F  EFIE:<CE 
A X  
WRITE ( 1  3 7 3 b )  9 C O U h T F  
FCFiHATf* .THE N U H B E T ?  O F  S T A T  
H ? T T E  ( 1 3 9 3 7 )  r COUNTG 
F C % H A T ( * T H E  N U H B t R  OF S T A T  
H ! ? I T E ( 1 8 ~ 3 3 1  r C O U h T H  
FCRHAT ( *T ,dE  NUNBE3 OF STAT 
W S ? I T E ( L 8 r 3 ~ )  v C O U N T 1  
FC?YAT( *T t - ! c  NUHBE? O F  STAT 
W R I T E  9 U T  M A X I H U ? l  RIYS VELO 
3 7  F C ~ M A T  (CLZVEL=C1 13, i X t r ~ Y I ? ~ = C r ~ 6 .  2 9  I X r  *UM f i ~ = * , F 6 * 2 )  
WRITE (18*29) 
29  FCP,!IAT(+ALL f??!S VELC)CITY OIFFERENCE VALUES ARE I N  M?HC) 
E[1 CONTINUE 
P L O T 1  
GOTO+ 
E XI-T , 
I - D A Y  
C O N T O U R  PLOT OF P~INCETCN-T IAL 2 
200- 3 .  69 3 3 25. 1C .30 43 *I 5 
31 9 1 (3F6mOrA21 . 
43  -3.0 b - 3 e 0  
521 11 - 112 *071 4 21.01 1 
ENOHAP TOO* 1900. 
I npu t :  D i g i t a l  T e r r a i n  Tape , 
Program: PICKEL2 
Procedure "lee: RUNPICK 
Output :  T>.?E45 
1. D e s c r i p t i o n  : 
The F o r t r a n  program, PICKEL2, s e l e c t s  p o i n t s  from t h e  d i g i t a l  t e r r a i n  
t a p e ,  which gives t o p o g r a p h i c  e l e v a t i o n  above s e a  l e v e l  h e i g h t  i n  f t .  
The u s e r  s p e c i f i e s  t h e s e  p o i n t s  from t h e  d i g i t a l  t e r r a i n  t a p e  by 
s u p p l y i n g  t h e  beg in ing  and end ing  x and y  c o o r d i n a t e s  and t h e  sampl ing  
f requency .  01:c a n i t  from t h e  d i g i t a l  t e r r a i n  t a p e  c o r r e s p c n d s  t o  . 1  i n  
on a  1:25000 s z a l e  map a s  measured from t h e  sou thwes t  c o r n e r  o f  a  s t a t e  
map. TAPE45 o u t v ~ t  g i v e s  t h e  x c o o r d i n a t e ,  t h e  y  c o o r d i n a t e  and h e i g h t  
( i n  f t )  on ezch  o u t p u t  l i n e .  Massachuse t t s  ha s  two d i g i t a l  t e r r a i n  
t a p e s ,  one f o r  e a s t e r n  and one f o r  wes te rn  Mass. 
2. E d i t  Changes: 
S p e c i f y  v a r i a b l e s  
ISTRTX - s t a r t i n g  x c o o r d i n a t e .  
ISTOPX - s t o p p i n g  x c o o r d i n a t e .  
IDISTX - sarinpling f r equency  ( u s u a l l y  e q u a l  t o  o n e ) .  
ISTRTY - s t a r t i n g  y  c o o r d i n a t e .  
ISTOPY - s t o p p i n g  y c o o r d i n a t e .  
IDISTY - sampl ing  f r equency  ( u s u a l l y  equa l  t o  one ) .  
3. To Run: 
Type : OLD, R U N P I C K  
Type: BATCH 
Type: DEFINE, TAPE45 
Type: SUBI:Ir.T, RUNPICK,B 
I n p u t  : TAPE 45 
R-ogr am : READSFT 
Output  : TAPE47 
1. D e s c r i p t i o n  : 
T h i s  program c r e a t e s  t h e  i n p u t  topography t a p e  f o r  MATBEN. The 
averaged two d e l t a  x by two d e l t a  y  topography i s  c a l c ~ i z t e d ,  
2. E d i t  Changes: 
1. Spec i fy  A and B o f  SFCHT(A,B) where k = nu1:.'3c!r of p o i n t s  i n  t h e  
x d i r e c t i o n  (of  TAPE451 p l u s  one and B = nurnS;r o f  p o i n t s  i n  t h e  
y d i r e c t i o n  (of  TAPE45) p l u s  one. 
2. Spec i fy  C, D of CHEIGHT(C,D) where C = (1.1-1)/2 Al4D D = (?I-1)/2. 
3. S p e c i f y  E o f  ILIMIT(E/2) where E = M-1. 
4. S p e c i f y  F o f  JLIMIT(F/2) where F = N-1. 
5. S p e c i f y  DELX = 63.4 x d e l t a  x and DELY = 63.1; x d e l t a  y.  
6. S p e c i f y  M, N AND L. 
7. Spec i fy  A, B o f  I = 1 ,A and J = 1 ,B where A and  B a r e  d e f i n e d  a s  
above. 
3. To Run: 
Type : OLD, READSFT 
Type: ATTACH,TAPE45 
Type: FTNTS 
Type: R U N  
Type: SAVE,(REPLACE,)TAPE47 
I n p u t  : TAPE47 
Program : TOPOG2 
Outpu t :  TAPE51 
1. D e s c r i p t i o n  : 
T h i s  program t a k e s  blATHEW1s i n p u t  topography t a p e  and l e v e l s  o f f  
h e i g h t s  t o  cor respond  w i th  t h e  d e l t a  z v a l u e  a s s i g n e d  t o  t h e  MATHEW box. 
T h i s  p r o c e s s  i s  a l s o  performed i n  t h e  MATHEH program ( s u b r o u t i n e  Topog) 
and need n o t  be r un .  It i s  p r e s e n t e d  h e r e  a s  an i n f o r m a t i v e  a d d i t i o n  s o  
t h a t  t h e  u s e r  can q u i c k l y  de t e rmine  what t h e  l e v e l e d  o f f  c o n t o u r  w i l l  
l ook  l i k e .  
2. E d i t  Changes: 
1. S p e c i f y  A ,  B o f  CHEIGHT(A,B) and LVL2DLX(A,B) where A = (M-1)/2 
and B = (N-1)/2. 
2. S p e c i f y  L'lrL2DLX(M, N) . 
3. S p e c i f y  DELX = 63.4 x d e l t a  x ,  DELY = 6 3 . 4  x d e l t a  y and DELZ = 
d e l t a  z ( i n  m). 
4. S p e c i f y  M, N. 
5. S p e c i f y  XSTP2 = d e l t a  x and YSTP2 = d e l t a  y. 
6. Spec i fy  C and D of X(1) = C + (1-1) and Y(J )  = D + (J-1) where C 
= x s t a r t i n g  p o i n t  and D = y s t a r t i n g  p o i n t .  - 
To Run: 
Type: OLD,TOPOG2 
Type: GET, TAPE47 
Type: FTNTS 
Type: R U N  
Type : SAVE, (REPLACE, )TAPE51 
B3.4 PLOTTOP (PLOTOP2) 
I n p u t :  TAPE47 (TP.PE49) 
Program: PLOTTOP (PLOTOP2) 
Output :  TAPE48 (TAPE50) 
1. D e s c r i p t i o n  : 
T h i s  program r e f o r m a t s  t h e  topography  t a p e .  PLOTTOP reformats t h e  
i n p u t  topogra9hy  t a p e  (TAPE47) and  PLOTOP2 r e f o r m a t s  t h e  c o n d i t i o n e d  
topography  o u t p u t  from t h e  MATHEW program (TAPE50). Both programs a r e  ' 
e s s e n t i a l l y  t h e  same. 
2. E d i t  Changes: 
1. S p e c i f y  X((M-1)/2), Y((N-71/21. 
2. S p e c i f y  CHEIGHT((M-1)/2,(N-1)/2). 
3. Le t  MH = (M-1)/2 and NH = (N-1)/2. 
4. Spec i fy  A ,  B ,  C and D of  X ( 1 )  = A + BWI and Y( J )  = C + D f J  where 
A = x s t a r t i n g  p o i n t  - 2 x d e l t a  x ,  B = 2 x d e l t a  x ,  C = y 
s t a r t i n g  p o i n t  - 2 x d e l t a  y and D = 2 x d e l t a  y. 
3. To Run: 
Type: OLD,PLOTTOP (PLOTOP2) 
Type: GET,TAPE47 (TAPE4S) 
Type: FTNTS 
Type: R U N  





1. Descript ion : 
This program i n t e r p o l a t e s  observed veloci ty  values  us ing a 1 / ( R  x R )  
i n t e r p o l a t i o n  scheme. TAPE20 is  t h e  inpu t  ve loc i ty  t a p e  i n t o  MATHEW. 
Edi t  Changes : 
1. Create TAPE9 us ing t h e  fol lowing f o r n ~ i  
- 
I 2 3 
1 2 3 4 5 G 7 8 9 0 1  2 3 4 5 6 7 0 9 O  1 2 3 4 5 6 7 8 9 0  
NS 
- ;I1 
XS YS SPEEDSF SFCDlR 
- - - -  .)- - - - -  - . I -  - - . - -  - - - .  - - - I - -  - - , - ]  
---. 
REF 
- - - . - -l_PWRSL - - 1 
SFCHGTl  
NS = number of da ta  s t a t . ions  
XS = x coordinate  r e l a t i v e  t o  t h e  KATIJE:.: g r i d .  
YS = y coordinate r e l a t i v e  t o  t h e  t-lATHEi.:' g r i d .  
SFCHGT = height  of da ta  c o l l e c t e d  above ground (m). - 
SPEEDSF = wind speed ( m / s ) .  
SFCDIR = degrees from north d i r e c t i o n  (us ing a  clockwise 
r o t a t i o n ) .  This i s  t h e  d i r e c t i o n  t h a t  t h e  wind i s  coming from. 
REF = Reference he igh t .  
PIdRSL r: shear m e f f i c i e n t  . 
2. Change a l l  one dimensional a r r a y s  'zo NS dimension where NS i s  
given above. 
3. Change a l l  two dimensional a r r a y s  t o  (M,N) dimensions. 
4. Let I = 1,M and J = 1 , N .  
To Run: 
Type : OLD, INTERPL 
Type: GET,TAPE9 
Type: FTNTS 
Type: R U N  
Type : SAVE, (REPLACE, ) TAPE20 
B3.6  MATLLL, RUNMATL 
I n p u t :  TAPE20, TAPE47 
Program: MATLLL 
P r o c e d u r e  F i l e :  RUNMATL 
O u t p u t :  TAPE21, TAPE86, TAPE49 
I .  D e s c r i p t i o n :  
T h i s  is t h e  MATHEW program.  The i n p u t  t a p e s  h a v e  a l r e a d y  been 
c r e a t e d  and g r i d  d i m e n s i o n s  a l r e a d y  d e t e r m i n e d .  O u t p u t  a r e  t h e  a d j u s t e d  
wind v e l o c i t y  f i e l d  (TAPE861, t h e  i n p u t  wind v e l o c i t y  f i e l d  (TAPE21) and 
t h e  c o n d i t i o n e d  t o p o g r a p h y  t a p e  (TAPE49). 
2. E d i t  Changes:  
1. S p e c i f y  A,  B o f  CHEIGHT(A,B) and MINLVL2(A,B) where A = (M-1)/2 
and  B= (N-1) /2. 
2. Change a l l  two d i m e n s i o n a l  a r r a y s  t o  (M, N) d i m e n s i o n s .  
3. Change a l l  t h r e e  d i m e n s i o n a l  a r r a y s  t o  (M,N,L) d i m ~ n s i o n s .  
4. S p e c i f y  M ,  N and L. 
5. S p e c i f y  SIGH, SIGV where  (SIGH/SIGV) - ( v e r t i c a l  
a r e a ) / ( h o r i z o n t a l  a r e a ) .  Areas  r e f e r  t o  MATHEW box s i d e s .  
6. S p e c i f y  REF = R e f e r e n c e  h e i g h t ,  DELZ = d e l t a  z ( i n  rn) and PlrRSL 
= s h e a r  c o e f f i c i e n t .  




B3.7 RESLL (RESL2) 
I n p u t  : TAPE86 (TAPE21 ) 
Program: RESLL (RESL2) 
O u t p u t :  TAPE14 (TAPE161 
1. D e s c r i p t i o n :  
TAPE86 c o n t a i n s  t h e  a d j u s t e d  u ,  v and w v e l o c i t y  components  f o r  e a c h  
g r i d  p o i n t .  S i m i l a r l y ,  TAPE21 c o n t a i n s  t h e  i n t e r p o l a t e d  u and v 
components .  RESLL c x n p u t e s  t h e  r e s u l t a n t  two and t h r e e  d i m e n s i o n a l  
a d j u s t e d  v e l o c i t y  v e q t o r s  and creates -a f i l e  (TAPE14) t o  b e  p l o t t e d .  
RESL2 computes  t h e  two d i m e n s i o n a l  i n p u t  v e l o c i t y  v e c t o r s  and creates a 
f i l e  (TAPE161 t o  b e  p l o t t e d .  
2. E d i t  Changes:  
1. Change a l l  two d i m e n s i o n a l  a r r a y s  t o  (M,N) d i m e n s i o n s .  
2. S p e c i f y  X(M) and  Y(N). 
3.  S p e c i f y  M ,  N and L. 
4. S p e c i f y  LEVEL = l e v e l  t o  be  p l o t t e d .  
5. S p e c i f y  XA, XB. C and D o f  X(1) =XA + CSI and  Y(J) = YA + D*J 
where  XA = x s t a r t i n g  p o i n t  - d e l t a  x .  YA = y s t a r t i n g  p o i n t  - 
d e l t a  y ,  C = d e l t a  x and D = d e l t a  y.  
3. To Run : 
Type: OiD,RESLL (RESL2) 
Type: ATTACH,TAPE86 (TAPE21) 
Type: FTNTS 
Type: R U N  
Type: SAVE, (REPLACE,)TAPE14 (TAPE16) 
B3.8 SUBTRAC 
I n p u t :  TAPE86, TAPE21 
Program : SUBTRAC 
Outpu t  : TAPE 18 
1. D e s c r i p t i o n :  
The program SUBTRAC computes  t h e  root-mean-squ3i-e d i f f e r e n c e  between 
t h e  a d j u s t e d  v e l o c i t y  (TAPZ86) and t h e  i n t e r p o l - c t e d  v e l o c i t y  v a l u e s  a t  a 
s p e c i f i e d  d i s t a n c e  above ground l e v e l .  It d e t e m i n e s  t h e  a v e r a g e  RMS 
v e l o c i t y ,  t h e  maximum and minimum RMS v a l u e s .  TAX18 a l s o  g i v e s  v e l o c i t y  
d i f f e r e n c e  o u t p u t  a t  e a c h  g r i d  p o i n t  above ground l e v e l .  
2. Edit Changes:  
1. Change a l l  two  d i m e n s i o n a l  a r r a y s  t o  (M, !I) d i m e n s i o n s .  
2. S p e c i f y  MX(M) AND !IY(N). 
3. S p e c i f y  MXLVL where MXLVL = t h e  maxirni~rn above g round  l e v e l  f o r  
t h e  h i g h e s t  t o p o g r a p h i c  p o i n t  i n  t h e  MATHFA box.  
4. S p e c i f y  M ,  N and L. 
5. S p e c i f y  I = l , M  a n d  J = 1,N. 
To Run: 
Type: OLD,SUBTRAC 
Type : ATTACH, TA PE2 1  
ATTACH,TAPE86 
Type: FTNTS 
Type: R U N  
Type : SAVE, (RE PLACE, )TAPE 18 
B3.9 PLOT, PARAM 
Inpu t :  Tape t o  be p l o t t e d  
Procedure F i l e :  PLOT 
Output :  Contour ( I s o t a c h )  P l o t  
5, Desc r ip t ion :  
I n  o rde r  t o  use t h e  UCC CONTOUR p l o t t i n g  r o u t i n e ,  t h e  u s e r  must 
Submit t h e  procedure f i l e  c a l i e d  PLOT. The f i l e  c o n t a i n s  t h e  neces sa ry  
j6b c o n t r o l  c a r d s  and c a l l s  t h e  a p p r o p r i a t e  t a p e s  and parameter  f i l e s .  
Tbe u s e r  must s p e c i f y  t h e  t a p e  t o  be p l o t t e d  on and t h e  parameter  f i l e  
(PARAM) must be i n d i c a t e d .  The parameter  f i l e  is t a i l o r e d  f o r  each  
p a r t i c u l a r  job.  There a r e  f i v e  parameter c a r d s  which must be s p e c i f i e d  
for  each p l o t .  The d e t a i l s  of  t h e  format and con ten t  a r e  given i n  t h e  
UGC manual f o r  t h e  CONTOUR so f tware  package. 
2, To Run: 
Type : OLD, PLOT 
Type: BATCH 
Type : SUBMIT, PLOT, B 
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C1.2 PRINCETON - DATA STATION SUMMARY SHEET 
S i t e  Wind Speed 
Number (mph)/(m/s) 
Height D i rec t ion  Locat ion 
Above Ground ( d e g r e e s )  on 
( m ) / ( f t  > MhTHEN Grid 
(x,Y) 
Notes : 
1. The above d a t a  i s  taken from t h e  summary s h e e t  d a t ~ d  Jcne 12, 
1980. 
2. The d i r e c t i o n  t h e  wind i s  coming from is measured clocli;.rise from 
t h e  n o r t h  which i s  s e t  equal  t o  ze ro  deg rees .  
3. The shea r  c o e f f i c i e n t  mesured f o r  t h i s  day is = .25. 
4. The s i t e  l o c a t i o n s  given above use  d i g i t a l  t e r r a i n  t a p e  
c o o r d i n a t e s .  
5. A l l  v e l o c i t y  measurements given above a r e  one minute averages  
over  fou r  15  s e c  i n t e r v a l s .  The v e l o c i t y  va lues  a r e  measured 
c o n c u r r e n t l y  u s ing  synchronized watches.  T3e v a l u e s  used a r e  
chosen from a s e r i e s  of d a t a  t o  b e s t  r e p r e s e n t  t h e  wind f low 
f i e l d .  
C2.2 FINDSO;:  - CdTA STATlOll SUMMARY SHEET 
S i t e  klint! :peed 
Number ( ~ ~ p ! i )  / {rn/s) 
Height Direc t ion  Location 
Above Ground (degrees )  on 
( rn ) / ( f t )  MATHEW Gr i d  
( x  ,Y) 
Notes : 
1.  Tfie above d a t a  i s  taken from t h e  summary s h e e t  da ted  October 18, 
1382. 
2. The d i r r c t i o n  t h e  wind is coming from is measured clockwise from 
t h e  ]so?-th which i s  s e t  equs l  t o  zero  degrees .  
3. Thc shear  c o e f f i c i e n t  measured f o r  t h i s  day is = .40. 
4. The s i t e  l o c a t i o n s  given above use d i g i t a l  t e r r a i n  t a p e  
coolqdFnates. 
5. A l l  v e l o c i t y  measurements given above a r e  f i v e  minute averages  
over twenty 15 s e c  i n t e r v a l s .  The v e l o c i t y  va lues  a r e  measured 
concur ren t ly  us ing  synchronized watches. The va lues  used a r e  
chosen from a  s e r i e s  of d a t a  t o  b e s t  r e p r e s e n t  t h e  wind flow 
f i e l d .  
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